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HAZARDS SUMMARY REPORT

VOLWME 3 - DESCRIPTION OF THE 100-B, 100-C, 100-D, 1CO-IR,
100-F AND 100-H PRODUCTION REACTCR ELANTS

I. INIRCDUCTTION

A. Purpose and Score

The purpose of this Hazards Summery Report, HW-THOOL Volume 3, is to present

a comprehensive physical deseription of the 100-B, 100-C, 10C-D, 100-DR, 100~F
and 100-E Productiocn Reactor Plants at Hanford. This volume is part of an
over-all Hazards Summary Report, and complements Volumes 1 and 2. A similar

Hazards Summary Report, HW-T4095, is being issued for the 100-KE and 100~KW
Production Reactor Flants at Hanford.

The term "Production Reactor Plant® is defined as & Fanford Production Reactor
plus its associated water supply and effluent water disposal facilities.
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SITE AND EVN_RONMENT

Gzographic Locaticn

The Hanford Atomic Preducts Operation is located in the south-central part

T the State of Washington. Flgure II-1 shcws the location of the Hanford
site, occupylng spproximately 600 square miles within the State. The Hanford
site is bounded by the Columbia River to the north and eazt, Rattlesnake
Mountain to the southwest, and Richiand, Washingtor tc the south. A
controlled access zone, approximately 5 miles wide ard 25 miles long, is

" majrtained immedistely north of *the Columbia River.

Plant Laycut

The pilact lsycut of the Hanford site is shewn in Figure II-2. The eight
yroductior reactor plants end the 100-N Resctor are located in the northern
part of the site on a generally flsat platesu 400 tc 50C fest sbove mean ses
level, The sepsratlons plants are located nsar the cenber of the site, and
the fuel preparaticon and laborgtory facilities are locatzd nsar the
southern bcundary. ‘ :

Reactor Arsas

Each prcduction reactor plant is located within a ferncad, limited areas, with
aceess comtrolled and available only +to authorized personnel.

As shovm in Figure II-2, the 1C0-B Limited Area ccmtains the 100-B and 10C-C
Prcducstion Reactor Plants; the 10C-K Limited Area contains the 120-KE ard
100-KW Producticn Reactor Plants, and the 100-D Limited Ares ccxtains the
100-D and 100-DR Production Reactor Plants. The 10C-H ané 1CC-F Prcduction
Rescter Plants are located within the 100-H and 100-F Limited Areas, respec-
Tively.

Typical limited areas are shown iz Figure IT~2 and II-4. Iocated within the
Limited areasg are the Processing, servicing, and administrastive facilities.
The nuclsar reactors proper are lccated within the inner exclusion ares.

crulaticn Distribution

A grarphical rerzresentation of the resulis cof the 1960 census of the State
¢ Waskington is presented in Figure II-3.

Saismclogy

The Hanford area is in a region susceptible to earthguske damesge from the
active selsmic zcrnes of Western Washington, arnd from the seismic zone that
ingludes the Wella Wella, Washingbon area. Fe. »ailding code purposes,
the entire area eagt of the Cascads Mountains arnd mest f +the Recky
Moumbtaing is classed as Zone 2 cr the Seismic Probablliity Map.
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Nc damaging earthquakes have ever been recorded in the immediaste wicinity of
the Hanford Plant during the 60 years of historicel record. However, earth-
quakes causing moderate to severe damage have occurred in the Pacific Northwest.
An earthguake ir 1918 at Corfu, Washington, & number of minor shocks at
Ellensburg, Washington in 1934 and at otker times, and at Othello, Washington
in 1957 imply an active zone along the north side of the Saddle Mountains to
the north of the Eanford site.

The apparent intensities of earthquakes noticed in the vieinity of the Hzn-
ford Plant have not exceeded approximately IV of the Modified Mercalli (MM)
Scale of 1931. This corresponds to a ground aceeleration of about 0.01 g.

Metec:ologz

A meteoroclogical unit is maintained at EAPO for the purposes of recording
econdltions and making foreecasts, and of performing research and development
pertinent to plant operatiocn. The meteorclogical station is located adjacent
to the 200.W Limited Area, approximately five miles south of the 100-B Limited
Area, and is the prineipasl source of local informeiion.

Wind speeds (50-ft. level) at Hanford average 7.5 mpk. June ks the highest
monthly averags {9.0 mph), while December and Jarnuary have the lowest (6.0 mph).
High winds may occur at any time, but averags speeds are lower in winter
because of freguent, and somenimes extended, periods ©f stagnetlion between
storms. Peak gusts of 40 mph or more ocecur on 7L days osut of each 1000 while
gusts of at least 50 mph kave a frequency of 15 out of 1000 days.

The wind blows hardest from southwesterly directions, but mest frequently
(35 percent of the time) from the WNW and NW. The directions S-through-WSW
have a combined Zreguency of 27 percent, but account for 71 percent of all
average hourly spesds of 25 mph or more and 74 percent of daily peak gusts
40 mph or mors. WNW and LW account for all but 7 percent of the remainder
of such caszes.

Thunderstorms occur on an average of 13 days per year with 85 percent of the -
total occcurring during +the months May-through-August. About 20 percent are
associated wica high wind (gusts to 40 mph or more) and a lesser percentage
may be asscclated alsc with blowing dust, heavy rain or heil. Hurricanes
apparently are unknown in this loeality. [Tornmado funnels have been observed
twice in 18 years, but no resulting damage has been reportad.

The heaviest rain in 18 years amounted to 1.68 inckes in & hours (October 1$57)
and the heaviest snow totaled 8 inches in 6-1/2 hours (December 1955). Analysis
of the records shows that storms of this magnitude ir 2L hours or less can be
expected about S times in 100 years.

Figure II-6 summarizes other pertinent meteorological data, including relative
humidty, temperature, and precipiltation experience.
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G. Geology and Hydrology

There ars three distinct geologic units beneath the producticn reactor plants:
the glaciofluvietile sediments; the Ringeld Formation; and the Columbiz River
Basalt. The Columbia River Basalt series forms the bedrock beneath the reactor
areas and iz generally compact, hard, and dense. The Ringold Formation, an
extengive lacustrine and fluviatile deposit of sand, silt, gravel and clay,
overlies and is largely conformable to the basalt. Unconformably overlying

the Ringold Formation, to a maximum depth of 170 feet, is a deposit of outwash
sands and gravels, referred to at Hanford as glacicfluviatile sediments. The
coarse materials of this deposit are more abundant in the northwest section of
the project, and grade into finer materials to the east and south.

The contour of the water table in the region underlying the production reactor
plants reflects strongly the contact between the Ringsld Formation and the
glaciofluviatile sediments. The most rapid grourd water movement rates have
been noted in glaciofluviatile-filled channels ineised in the Ringold sediments.
Several of these ancient river chamnmels are known to exist in the region of the
production resactor plants. . .

The water table beneath the plants lies at an average depth of 100 feet and
represents the upper boundary of the unconfined ground-water zone in this region.
Figure II-T is a contour map of the water teble underlying the region of the
plants. This map shows the general ground-water contour pattern, except for
seasonal fluctuaticns which oecur adjacent to the Columbia River in the late
spring. The recharge of the ground water is norwally from the highland areas

to the south and southwest. A small amount of recharge comes from the retention
basins and cribs located within the limited areas. These limited areas show

up conspicucusly on the contour map as isolated grournd-water mounds along the
river,

50936 7 6

9 2 1 25

The permeabllity of the basalt series to water flows normal to their surfaces,

is generally wvery low, particularly compared to the lateral permeability of the
interflow zones. The ground waters within the basalt series, therefors, are quite
separate and distinet from those in the post-basalt sediments. The material
which makes up the Ringold Formation directly overlaying the basalt is either

80 fine grained or sc poorliy sorted that it has a relatively low permeability;
gererally this ranges from 10 to 1,000 gallons per day per square foot (gpd/ft2).
The glaciofluviatlle sediments are ccarse-grairned and generally highly permeable;
permeabllities range from 10,000 to 50,000 gpd/fta, or from 10 to as much as

5,000 times those c¢f the Ringold Formation sediments.

The average field permeability of the sediments directly beneath the 100-F,

100-F and 10C-D Areas is approximetely 51C gpq/fte and bereath 100-B Area,
1000 gpd/ft2.
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Columbhia River

The Columbia River is the source of water for the Froduction Reactor Plants
at Hanford. Five dams are located upstream, shown in Figure II-10, with
Priest Rapids +the nearest. Just north of the Hanford site, the River
drains an area sbout twice the size of the State of Pennsylvanla or approxi-
mately 95,000 square mlles. Its flow rate varies through the year as

shown graphically in Figure II-8. The water is exceptionally pure which
makes this souree of coclant especlally valuable to the reactor plants. The

river temperature varies, as shown in Figure II-9,- which is of interest
to the reacteor plant operations.

Electrical Power Sources

The source of electric power for the Hanford site is the Bomneville FPower Admin-
istration’s {BPA) tranamission and distribution system. Figure II-10 presents
the BPA system configuration in simplified form.

Electric power is supplied to the Midway Substation, which 1s the central
source of distribution for the Hanford site, by three 230-KV lines from Grand
(oulee Dam, two from Remnevilie, and one each from the Big Eddy Substation
and Columbia Substation, and three from Priest Rapids Dam. Figure II-l11
illustrates the bus arrangement of the BPA Midway Substation and the connec-
tions and routing of the three 230«KV lines serving the reactor areas.

Through swiltching, power is supplied to three 230 KV-buses at Midway, which

in turn distribute power to the Hanford system. The Hanford system, supplying
power to eack of the production reactor plants, consists of three 23C kv over-
head transmission lines in & center tapped loop configuration.

Hanford Lines No. 1 and No. 2 were erected as a part of original plant con-
structlion. Wooden poles and cross-arms were used for all structures. Tangent
structures were of the two-pole, H-frame type and three and four poles were

used at corner and station structures. Line conductors were 636 thousand-
elrcular-mils (MCM) aluminum=clad-steel-reinforced (ACSR), and overhead static
and buried counterpoise wires, two of each, Were used for lightning protection
on the entire loop. A third line, with steel towers and 795 MCM ACSR conductors,
was ingtalled in 1957 to comnecet Midway to the 230-KV loop between 100-KW and
100-KE. No counterpoise or overhead static wires have been provided for the
third line. As reactor plants were added, new line sections and substation

modifications were reguired. These line sections and substations utillzed
ateel structures.

Primery protection from phase faults in the transmission lines 1s provided
by directlional comparison carrlier relaying. Backup protectlon 1s provided by
reactance-type distance ralays. Protection from ground phase faults is pro-
vided by product-tyre directional relays. Differential current relaying is
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used on main transformers and 230-KV bus sections in each ares substatlion.

In addition to the protective relays at Midway, the circult breskers in the
Hanford lines are equipped for one automstic reclosure, four seconds after
line fawit tripping. The short cireult interrupting rating of the circult
breakers at the 151-B, KW and KE Buildings is 10,000-MVA. At the 151-D,

H and F Bulldings, the nameplate rating is 2,500-and 3,000-MVA. The avail-
able short circuit capacity at Midway is approximately 8,000-MVA, symmetrical.
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. WATER FLANT AND AUXIT.IARTES v

Approximetely ninety-four percent of the heat produced in a reactor is generated
in the uranium fuels, the remainder in the graphite moderator. The rate of
removal of tkis heat is critieal to the safe operation of the reactor. An ade-
quate zontinuous aupply of cooling water can aveid a fuel meltdown and the
consequential release 02 fission products.

Three systems for meintaining an adequate flow of coclant khave been provided

in each of tke Reactor Plants. They cen te descrited as an electrically-powered
pumplng system designated the Primsry Cocolant System, & steam~powered pumping
system desigrated the Secondary Coolant System, and a dusl-gsystem of elevated
water tanks st each reactor combined with a pipe lirze interconnecting all of

the Reactor Flacts designated the Last Ditch System. A detailed description
of each of the systems follows.

Primary Coolant Syatem

The primary ccoling system will provide adequate reactor ccoling during all
phases of cperation and shutdown. The system is designed so that it does

net require axy help from either of the other two systems in order to provide
the required smount of cooclant. Electrical power is the energy source for

operating this system. The sequence of cperaticns 1s shown schematically
in Figure IIZ-l.

1. River Fump Zcuse = 181 Building

Cooling water for the Hanford production rsactor »iants is drawn from the
Columbia River by means cof pumps located in river pump houses known as
"181 Buildings." There is cne river pump house in each of the four limited

areas. In the 100-E and 100-D Limited Areas, each pump house services two
reactors.

All pumps are vertical deepwell types with zubmerged bowls and impellers.

The bottom of the bowls is approximetely eleven feat below the normal low-
wvater level of the rdiver.

The water intake channel in front of the pump houses has been dredged and
lined with rcck and concrete to form a forebay. River water enters the

pump house deepwell through traveling zcreeng which prevent entrance of
fish and dekris.

The 100-EB ard 1C0-D river pump houses each contair two deepwells separated
by concrete walls; btut are interconnected to allcw water to flow from cne
deepwell Iinto another in case of intake screen tlockage.

Transfcrmer stations located at the 181 Buildings reduce the line voltage
of 13.8 kv o 2300 volts ard supply & minimum of two 2300 v buses in the
building. Tke bus ties are normally copen so that a2 dual power supply is

available at each bullding with each bus carrying approximately one-half
the load.
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The elsctrle mocbors ussd for d:i'ving the pumps ars three-phase, 2300 volts,
squirrel cage, induction motors with mapual cortrnls. A remote control
system has alsc beer provided for the river zurmrs in the 181-B and the 181-D
Buildings. The pumps in the 181~B Building are contrclled from the filter
rlant kead house in the 183-C Building and the pumps in the 181-D Building
are controlled frem the 183-D Puilding head houze.

The number and sizé';:f pumps st esch of the rivar purp houses is shown below:

RIVER WATER PUMES

Aresa ﬂ ELECTRICALLY DRIVEN ' STEAM DRIVEN
Pump JNc. of| Capecity | Heed Mosor Weater 2. of | Capacity| Head | Turbine
House || Pumps | gzal/min | feet | Rating HP|| System {[Pumps |gal/min | feet |Rating HP
&91-3 e 10,550 180 600 Pracesas | 2 7,500 150 Loo
2 10,500 150 L50 Expost
au-g
181-C 2 16,500 150 900 Process
oy 11 10,000 150 4150 Process
1 10,000 150 450 Expors
£ .
181-D 9 13,000 280 9o Process| 2 7,500 150 Loo
= 1 10,006 | 150 hso Export
" wt
ig81-pr| 5 12,800 | 185 90 Process
"y
i81-F | 10 30,060 150 450 Precess | 32 7,500 150 boo
™
lBl-H 9 10,500 i8¢ 600 Process| 3 7,500 150 Loo
~g
on The steam hurbine driven pumps are instslisd in the 181 Building river

pump houses t¢ provide emergency backup pumping capacity should the normal
electrizs power be irterrupted. There are ccezsicns whaen cne or two steazm
driven pumps are used contilnucusly for saversl dsys while an electrically
driven pump i3 ocub.cf-gervics for maintensnce or repair.

There are +wo carbcn shsel pipe lines from the river pump discharge
headers *tc each of the 183-B, D, DR, F and H 2il%sr plan®t head houses.

One of the twe pipe lines at 183-B, D, F and H is 2lso connected to

the respective 182 reservoir. In addition %5 this reservoir connsction,
thers is also a separste 30«inch lirne from +he river puxp headers to the
reservolrs at the 182-B, D, F and H Buildings. Wabter can be pumped to the
reservoirs thrcugh either the supply line to ths 183 Butlding or the
separate 30~inch line. The main pipe lines betwesn the 181 and the 183
Buildirgs ars combinations of 36-inch, 4S-inch, and 4B8einch lines

The 183-C kead house i3 surplied by thres L8=insh carben steel lines
Trom a commen keader at the river pump house.
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Reservoir and Pump Hcuse - 182 Building

The purpcese of the reservolr and pump house is to provide reserve water
for reactor coollhg, condenser water for the steam condensers, and raw
weter for the Seperstions Plants.

There is one 182 Building in each of the 100~-B, D, F, and H Limited Areas.
Each bullding contains an inlet house, an open concrete reservoir, and a
pump room. The reservolr capacity at the 100-B, D, and F Areas is 25,000,000
gellons each. Tke 100=-H reservoir bas a capacity of 10,000,000 gallens.

The water level in the reservolr is controlled by & float switch which
opergtes a control valve in the inlet house.

Prior to plant modifications performed in 1956 - 1957 under ProJject CG-558,
the reservoirs were used a3 the principal water supply source for the
filter plants, and electric =nd steam turbine filter supply pumps were
provided in each 182 Building. A number of the electric pumps were removed
after the modifications. Several were retained end are used on cccasions
when it 1s desired to pump water from the reservoir to the filter plant.
The present number of electric filter supply pumps that can be cperated in
each 182 Building is shown below:

No. of Capacity Head Motor

Pump Reom Pumps gal/min. faet Horse Power
182-B 5 60C0 100 200
182.D 5 6000 100 200
182-F 7 6000 100 200
182-H =9 6000 - 100 200

It is to be noted that the 182 Buildings still play an important part in
the production reactor plant cooling system since they are the source of
"export water'" used for emergency cooling. Details of this funchtion are
covered in & later section of this report. ,

Filter Plant and Chemical Trestment - 183 Building

Although the Columbia River water is unusually clean and pure, it must
be filtered and chemically treated tc prevent filming in the reactor
process tubes. This is the purpose of the 183 Buillding and its components.

There is a separate filter plamt for each of the production reactor

plants. The f£ilter plant consists of a heasd house , raw water flume,

mixing chambers, distribution flume, floculators, settlling basins, collecting
flume, influvent flume, filters, effliuent and backwash piping, effluent
flumes, and clesrwells. Figure III-2 iliustrates the sequence of operations.
The baring, filters, flumes, clemsrwells, and building framework are rein-
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foreed concrete. The construetion of the walls of the heed house and Filter
buildings very, being of either concrete block, or a steel frame covered
with steel rib siding, or corrugated asbestos cement siding.

Each reasctor is supplied with water from its owm £ilter plant. However,
the 183-C end the 183-D Buildings supply part of the water used by the B
and DR Reactors, respectively. This is possible because of a cross-tie
in the piping system.

8. Head House - 183 Building

River water enters the filter plants through two 36-inch carbon steel
pipe lines. Water flow rate is regulated in the hesd house by a control
valve in each of the two lines. These contrel velves are aubtomatically
opergted and are positioned by a water level control system. The valves
can algo be manually operated by a switch located in the head house.

Alum, sulfuric acid, end chlorine are proportioned in the head house, and
gdded to the raw water. The alum is used as a floceulating agent end the
excass sulphuric acid is used to control the scidity of the water. Raw
bauxite is stored in bunkers on the third flcor of the head house and
flows through a hopper to a proporticnal dry chemical feeder which
supplies the bauxite at the required rate. From the conveyor belt of
the proportional feeders, the ba axite falls into a lesj-lined mixing
chamber together with sulfuric acid and water. The reacilon of the
bauxite and diluted sulfuric acid forms a sclution of alum and excess
diluted sulfuric acid whick is added to the raw water in the raw water
£lume. Chlorina is also added at this point for algae control in the
settlineg basins. ’

Concentrated sulfurlec acid 1s received in railroad cars and stored in
outside ecid storsge tanks. It is pumped fram the storage tank to a heed
tank through black iron pipe lines.

b. Mixing Chambers - 183 Buildings

There are one or more mlxing chembers in each half of the filter plants.
Water flows through the raw water flume into the distribution flume and
into the mixing chambers. The purpose of these mixing chembers is to -
thoroughly mix the slum~sulfuric acid solution and chlorine with the
raw water.

¢. Flocculators and Settling Basins - 183 Bullding

The flocculators and settling basins are not enclosed for weather
rrotection. There are two paddle-wheel flccculators in series for

each settling basgin in 183-B, D, and F and three in series at 183-C,
DR, and H. The number of settling basins in each 183 Building 1s
tabwlated below. The purpcse of the settling basins is to allow heavier
particulate matter to settle out of the water before entering the
filter. .
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Capacity
No. of Basins per Basin Total Capacity
Building per Bullding 552132 per Building
183-B 12 4,800 57,600
183-C 8 18,700 149,600
183-b 16 4,800 76,800
183-IR 6 13,800 82,800
183-F i2 4,800 57,600

d. Filters - 183 Building

All Pilters are of the gravity flow type and are equipped with Wheeler
bottoms. Each fllter consists of two halves with a gullet between them.
The 183-B, D, DR, and F filters have been rebuilt with new filter media
consisting of approximately twelve inches of graded gravel, six inches of
sand, and twenty four inches of crushed and graded anthracite coal. The
183-C and B filters still have an older type medla consisting of about
twelve inches of gravel, twenty inches of sand, and ten inches of crushed
anthracite coal. Water enters the gullet from the influent flume through

an influent valve and flows to both halves of the filter through port
openings.

- An organic polyelectrolyte filter ald is added to the water in the gullet

to improve water quality by improving filter efficlency. The amount of
fllter ald material introduced varies with the condition of the raw
water. The filtered water collects in the false bottom below the filter
and. flows through effluent piping to the effluent flumes. The amount of
wvater passing through a filter may be automatically controlled by a
valve in the effluent piping. This valve 1s operated by the clearwell
water level control system. At the present operating flow rates, some
of the control velves are locked open to provide the maximum volume of
filtered water flow into the clearwells.

Water for filter backwashing is supplied from the clearwells by vackwash
pumps located in the pump room of the 183 Building. Backwash water enters
the false bottom area, flows upward through the filter media into the
gullet and out through a waste valve into a sewer. The 183-B, D, F, and
H filter plants backwash c¢ycle is manually controlled. The valves in the
backwash sequence are hydraulically operated and are controlled from a
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panel located at each of the individual filters. The 183-C Filter Plant
has a semi-automatlic baclkwash cycle with a control panel for manual
operation in the 183-C Pump Room. The filter backwash cycle for any one
of the twelve 183-C filters can be started menually. The backwashing
then gutomatically proceeds through 1ts eyecle to completion. The back-
wash water for the 183-DR filters is supplied from the 183~D Pump Room
via & 30-inch carbon steel cross-tie pipe line to the 183-DR pipe gallery.
This line is also used to supplement the 183-DR water requirements and

is the 183~D-DR cross-tie line mentioned previously. An automatic back-
wash control system is currently being installed at 183-DR.

Size of Total
Wo. of Filters Filtering

Building Filters Sq. Ft. Area - Sg. Ft.
183-B 12 1,152 : 13,824
183~C 12 2,304 . 27,648
183-D 15 1,152 18,432
183-IR 10 1,152 11,520
183-F 12 1,152 13,824
183~H 16 1,152 N 18,432

Clearwells - 183 Building

The clearwells, which are ccomstructed of reinforced concrete, are covered
by a flat slab conerete roof supported by concrete coltums spaced approxi-
mately 20 feet apart. There are two separate clearwells in each filter
plant separated by the pump room. At 183-B, D, F, and H, each clearwell
has a suction well adjacent to the pump room. These two suction wells
are connected to each other by a flume with a2 gluice gate at each end

of the flume. The suction wells are connected to their respective clear-
wells by two sluice gates. Consequently, one suction well can obtain
wvater from the other, and one clearwell can be drained while the other is
fall. At 183-C there is a common suction well between the two clearwells,
valved so that one clearwell may be drained.

Each clearwell is supplied water from the filters through an effluent
flume. The 183-F clearwells are different in design than those at 183-B,
D, and E in that they cover a greater arsa, but are not as deep. The
183-C clearwells are considerably smaller thaen those at 183-B, D, F, and H.
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This smaller clearwell storage at 183-C 1s compensated by larger storage
tanks in the 150-C Building. There are no clearwells at the 183-DR Building.
A 30-inch cross-tie line joins the 183-C clearwell to the 183-B clearwell.

A lateral connection from this line is provided to one of the 36-inch

water lines connecting the 183-B pump headers to the 190-B storage tanks.
Water is transferred by gravity from the 183-C to the 183-B clearwells,

and may be pumped from the 183-B to the 183-C clearwells.

The total storage capaclty of the two clearwells in each of the five 183
filter plants 1s shown in tabular form below:

Approximate Total
Storage Capacity

Building (gallons)
183-8 10,000,000
183-6 3,000,000 |
183-D 101,000,000
183-F " 9,000,000
183-E 10,000,000

Pump Room - 183 Building

The 183 pump room is the primary supply point for filtered water for

the entire production remctor plant and the asscciated limited area.

For the primary reactor cooling system, pumps are provided to transfer
water to the 190 storage tanks, to provide backwash water for the filters,
and to provide water to the high tanks at the reactor. For other systeums,
a8 will be described in a subsequent section of this report, pumps are

provided for power house water, fire and sanitary water, and for emer-
gency filtered water.

The number and size of the electrically-driven water pumps in each 183

pump room for the primary reactor cooling system is shown in the table
below:
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Number
of Capacity Head Motor .
Building Pumps  gal/min. £t. hp Use
183-B,F,H 6 15,000 150 700 Transfer to 190 tanks
2 11,000 &0 200 Backwash
1l 4,000 2ko 300 Hi tank & misc. cooling
183-C 5 21,000 55 450 Transfer to 150 tanks
1 21,000 55 450 Backwash
3 k,000 350 300 Hi tank & mise. cooling
183=D é 15,000 150 700 Transfer to 190 tanks
3 11,000 60 200 D & DR bhackwash & DR make=-up
1 6,000 2ko ) Hi tank & misc. cooling
Note: Filltered water is transferred to the 190-DR storage
tanks by gravity. Service requirements for 183-DR
are supplied from 183-D.
i. Transfer Pumps - 183 Building

Flltered water is transferred from the clearwells to the 190 storage
tanks by pumps, at the 183-B, C, D, F and B Buildings. Gravity flow

is employed from 183-DR to 190-DR. At 183-B, 183-D, 183~F, and 183«H
the pumps are located below ground level between the two suction wells.
At 183-C, deepwell pumps are located above the suction well. There

are six of +the pumps, electrically driven, in each of these locatioms.

The suction piping for the 183-B, D, F, and E pumps is a 2k-inch
diameter pipe, with a gate valve;, a rubber spocl plece, and a cast
iron inlet elbow., Three pumps are connected to each of the suction
wells. Pumps are the horizontal, centrifugal type, driven by electric
motors and set on concrete bases which are independent of the pump
room floor. The 18-inch discharge piping contains a gate valve and

a check valve and ties into 36-inch discharge headers, supported above
the pumps. The headers for each of three pumps are connected to-
gether by a gate valve so that one-half of the header can be isolated
from the other.

At 183-C, the pumps are of the deepwell type with submerged bowls and
impellers. The 30-inch discharge pipes contain 2 gate valve and
check valve and tie into two 48-inch headers. Three pumps discharge
into each header. The headers supply f£iltered water to the 190=C
storage tanks and backwash water for the 183-C filters.
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ii, Backwask Pumps - 183 Bullding

At the 183-B, D, F, and H filter plants, separate backwash pumps are
provided for haclwashing the filters. There are two backwash pumps
at 183-B, F, and H and three at 183-D. The three pumps at 183~-D not
only supply the backwash water for the 183-D and 183-DR filters, but
also provide make-up water for the DR Reactor cooling water system.

The DR water plant system does not provide the entire primary ccolant
for the 105-DR Reactor, and make-up water must be obtained from 183-D.
This make-up water is transferred from the 183-D Building to the north
end of the 183-IR pipe gallery via a 30-inch tie line and then to the
two 183-DR filter effluent flumes through a 24-inch pipe line. Flow
is regulated by a butterfly valve manuslly controlied from the filter
room in the 183-DR Building.

The valve arrangement in the 183-C Pump Room vermits the use of any

one of the six transfer pumps to be used for supplying the bakewash
water for the 183-C filters.

iii. 105 Figh-Tank Pumps - 183 Building

There 15 one electrically-driven pump in each of the 183-B, D, F and
E Fump Rooms for supplying filtered water to the high-tanks at the

respactive 105 Buildings while three pumps are provided in the 183-C
Pump Room.

Flltered water supplied by these pumps is also used for such purposes
as cooling the primary ccolant pumps and motors, filter controls and
service, reactor thermal loop and control rod cocoling.

92125600674

iv. Fump Motor Electric Power - 183 Building

Transformer stations, located at the 183 Building, reduce the power
line voltage of 13.8 kv to 2300 volts and supply two 2300 volt buses
locoted in the switchgear rcoom. All electric pumps are driven by
three-phase, 2300 v, squirrel-cage, inducticn motors which are manually
controlled. Bus ties are operated open, thereby preserving the dual

power supply to each building with approximately one-half of the load
on each bhus,

8+ --Piping to 190 Storage Tanks

Cast iron, 36-inch, undergrocund pipe lines transport the water from the
discharge headers at the 183-B, D, F and H Buildings to the storage tank
headers in the 190 Buildings. At 183-C two 48-inch lines are connected
inside the building and form a common header for the 190 storage tanks.
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The piping within the 183 pump rooms and within the 190
tank rooms 1s fabricated from rolled and welded carbon steel plate. The
transition to cast~iron pipe occurs outside the respective buildings.

150 Building and Pump Annex

Water Storage Tanks - 190 Building

Four large steel storage tanks are provided at each of the 190 buildings
to supply water to the coolsmmt pumps for the associated reactor. At 190-C
and 190-DR the tanks are in the open, while those at 190~B, D, F, and H
are enclosed in a cement block bullding. Water is supplied by 36-inch
pipe lines which connect to opposite ends of a distribution header with
sectionalizing valves inside of the 190 buildings. Each tank bhas its own
inlet line, which enters at the bottom of the tank and contains a gate
valve, & check valve, and a control valve. Normally, the control valves
are automatically operated and are controlled by the storage tank water
level. The control valves can also be menually adjusted to any position.
Additional lh.inch inlet lines are presently being installed in the
190~B, D, and F Buildings to increase the flow capacity from the 183~

Pumps and the 190-Tanks. A corrosion inhibitor, scd e, 1is
added to the water at the tank inlet lines.

The tank discharge plipe lines tie into & common header, which supplies
the two 42-inch lines to the 1l90-Annex Pump Room. Thera are also two
30-inch storage tank by-pass lines that are not normally used, which
connect the storage tank inlet header to the storage tank outlet header.

A common header in the 183~C Bullding supplies water to the four 190-C
tanks through four separate 30-inch pipe lines which enter the tanks
at the bottom, but discharge near the top through a riser. Each tank
inlet line contains a gate valve, a straightening vane, and a ball
valve which automatically regulates flow to maintain a constant water
level in the tanks. Each of the four tank discharge lines serve as

& suction header for a portion of the high-1ift pumps and each contains
a motor operated gate valve. The four lines are also interconnected
by motor operated gate valves.

The water flows, by gravity, from the 183-DR Building effluent flume
directly to the 190-DR storage tanks through four 48-inch steel lines,
one line for each tank, into the bottom of the tank. The tank discharge
lines tie into a common header which forms two closed lcops. Each of
the loops is used as a suction header for four primary coolant pumps

in the 190-DR Annex.
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The capacity of the storage tenks, for all areas, is tabulated below:

Storage Capacity Total 190

Building at Each Tank Storage Capacity
190-B 1,750,000 gals. 7,000,000 gals.
190-D 1,750,000 7,000,000

190-F 1,750,000 ~ 7,000,000

190-C 5,250,000 21,000,000
190-DR 3,000,000 12,000,000

190-~H 2,250,000 9,000,000

Primery Coolant Pumps -~ 190 Building Annex

l%-B, D, DR’ F, and- H Annex

The primary cooling water is pumped from the storage tanks and through
the reactors by high~pressure pumps. The primary coolant pumps in the
100-B, D, F, and H Production Reactor PFlants are housed in the 190 Annex
Buildings which are constructed of a steel frame covered with corru-
gated asbestos cement siding. Each pump room at 190-B, D, F, and H
contains eight electrically-driven, two-stage, horizontal centrifugal
punmps. At 190-DR there are two pump rooms with four pumps in each.
Fach pump and drive assembly 1s supported on a concrete base which is
entirely independent of the building. The pumps at 190-B, D, F, and H
are identical. The 190-DR pumps have slightly different impellers
because the available suction head is less.

The storage tanks provide a positive suction pressure, which is about
18 psig, for the 190-B, D, F, and H pumps and 8 psig for the 190-DR
pumps. Normally, all eight pumps are used to supply the primary
cooling water to an operating reactor. Water is drawn from the 42-inch
disameter suction headers by the pumps through a 2b-inch suction pipe
which contains a gate valve and a rubber spocl plece.

The pump and drive assembly is composed of a 4500 hp synchroncus motor

and a direct connected exciter, a 20-ton flywheel with a WR2 of 500,84
lb/fta, & 1 to 2.618 speed increasing gear set, two flexible couplings,
and a two-stage centrifugel pump. Figure IZI-3 illustrates this

assembly. The flywheel speed 1s 720 revolutions per minute.
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Lubrication of the gears and bearings is accomplished by a pressure
lubrication system which is supplied from an Integral oil gear pump.

It can also be provided by an electrieally-driven auxiliary oil pump,
rowered by the emergency electrical bus in the pump room. This .
electrically-driven oil pump serves as a backup to the geer pump and
supplies the lubrication during startup, and during the emergency shut-
down pericd following the loss of primary electrical power. The
lubrication oll 1is cooled, by water, in a heat-exchanger.

The pump discharge piping is 18-inch carbon steel pipe with a 3/L-inch
thick wall. An 18-inch check valve, a venturi for flow measurement,
and a l2-inch cone valve with a 6-inch by-vass line are components in
the line. The by-pass line contains two 6-inch gate valves and a
6=-inch globe valve for regulating water flow through the by-pass line.
Both the 12-inch cone valve and the &-~inch globe valve have motor
operators which are menuslly controlled from the pump contrel room.
During normal operatlion, all cone valves are fully open and the reactor
recelves all the water the pumps can furnish.

The 190 Annex Building is Joined to the 105 Reactor Building by two
underground concrete pipe tunnels which contain the pump discharge
piping. Each tunnel contains the discharge piping from four pumps.

At B, D, and F, three of the four 18-inch discharge lines divide into
two 1l2-inch lines. The remaining 18«inch line continues into the

105 Valve Pit where the seven discharge lines, each with a strainer,

a check valve and a gate valve, tie into a 36-inch header. The two
36~inch valve pit headers are interconnected by motor-operated gate
valves, which are normally closed. Figure III-L illustrates the
Dlping arrangement between the 160 Annex Bullding and the 105 Building
valve pit for the B, D, and F Reactors.

At 190-DR, each of the 18-inch pump discharge lines divide into two
12-inch lines; four 12-inch lines then tie into one 2h-inch line. The
four 24-inch lines, two in each pipe tunnel, continue to the 105-DR
valve pit. This is shown in Figure III-5.

Two 18-inch lines tie into é single 2h-inch line in the 190-E Annex
Building. The four 2ik-inch lines run to the 105-H valve pit through

two separate pipe tunnels. This piping arrangement is shown in
Figure ITI-6.

190-C

There are ten electrically-driven, high-pressure, primery ccoling water
pumps 1in the 190-C Pump Room, which is a steel frame building with
transite siding. The pump and drive assemblies are supported on
conerete bases, which are independent of the building foundations.
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Water is supplied to the 190-C Pumps by the 190-C Storage Tanks at a
suction pressure of about 13 psig. The 24-inch pump suction lines
from the storage tank headers contain a gate valve and a rubber spool

plece.

The 190-C pump and drive assembly consists of a steam turbine, a 2.718

to 1 speed-reducer, a 3500 hp eleectrie motor, 2 1 to 1.425 speed-increaser,

a fluid drive, a 9-ton flywheel with a
stage pump assembled as shown in Figure III-T. Flywheel
2460 rpm. Separate pressure-lubrication
provided for the turbine and gear, the motor; the speed-increaser, the
£luid drive, the flywheel, and the pump. Each of the six systems is
pressurized by a gear pump driven by the pump assembly drive shaft. The
oil in eech lubrication system is cooled by a heat-exchanger. There are
no motor-driven auxiliary oil pumps, instead, a portable pressure pump
is used to lubricate the flywheel bearings during startup.

of 45,000 1b-£t2, and single-

speed Is
systems are

The pump discharge is controlled by the pump speed, which 1s regulated
Normally, all ten of the
pumps are used to supply primary cooling water to the operating reactor.

by controls in the 190-C Pump Control Room.

The piping configuration from the 190~C Pump Room to the 105-C Valve
Pit is shown in Figure III-8. The number of primery coolant pumps in

the 190 Bulldings is tabulated below:

Primary Cooling Water Pumps

Electriec
No. of Pumps Capacity Head Motor
Building Each Building gal/min faet Horsepowar
F, DR, & H 8 10,500 1425 4500
190~C 10 10,700 10k0 3500
Pump Motor Electric Power

The 180 Annex primary cooling water pumps are driven by three-phase,
13.2 kv synchronous motors. The power supply cables are in under-
ground conduits from the 151 Substations to the 190 Annex Buildings.
The 190-C primary coeling water pumps are driven by three-phase,

4,16 kv squirrel cage induction motors.

Transformers, one for each

motor are located outside the 190~C Building to reduce the line voltage
to .16 kv. A}l of the electric motors are controlled from the pump

control room in the 190 Buildings.
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Secondary Coolant System

Total fallure of the electric power to the Henford site is consldered a
possibility. In such an event, a secondary power source ls avellable. It

i3 independent of the electrical, or primary scurce, and is c¢apable of pro-
viding adequate coollng water to the reactor until the primary system can be
re-=established. It 1s not intended to duplicate the capebllities of the
primary coclant system but should be regarded as a means of preventing damage
to the reector, which may result from overheating during the shutdown pericd
following the loss of electriczl power.

A steam plant 1s provided at each reactor plant which can supply power to
turbines for driving the secondary cooling water pumps. These boilers are
kept on a stand-by basis, and are capable of rapid response.

Power House - 18k Building

Bach of the 184-B, F, and H Buildings contain four boilers, while the

184-D contains five. These boilers are all identical and are cosl-fired,
two drum-~type with superheater. Each boller has a rated capacity of
100,000 pounds steam per hour at 225 psig and 460 degrees F. and can produce
135,000 pounds of steam for short periods of time.

At the 184-B, D, and F Buildings, a 290 ton capacity coel bunker (230 tons
at 184-H) is provided for each beller. In each buillding, an electric drum-
flight conveyor across the bottom of all ccal hunkers provides a means of
transferring coal from any bunker to any boiler. Coal is delivered by
gravity from the-bunker to the stoker-feeder hopper serving five steam
turbine-driven stokers at each boller. Coal is transferred from railroad
cars to the bunkers. or the coal storage pile by an electric-driven belt
conveyor system having a capacity of 150 tons per hour. The coal supply
gystem is illustrated in Figure III~O.

A steam turbine-driven, forced-draft fan of 45,000 cubic feet per minute
(cfm) capacity is provided for each boiler. These fans discharge into a
sactionalized duct that delivers air from any fan to any boiler. The fur-
nace gas is discharged into 300-foot high stacks. The 184-B, F and H Building
have two stacks each, and the 184=D has three. .

Boiler feedwater is provided from four sources of supply, the first three
being filtered water from the 183 Building and the fourth, & last ditch
source, 1s raw water from the reservoirs at the 182 Building.

The first feedwater source, for normal operation, is supplied by two
1000 gpm pumps. One 1s steam and the other electrically driven.
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The second, or emergency feedwater socurce is supplied by four 4LOOO gpm pumps;
three are stesm turbine-driven and one electric motor-driven. These pumps
discharge into a2 common manifold, which is separated from the normal supply
line by a manually-operated valve.

The third feedwater source is a 100,000 gallon high-tank, fllled from the
fire and sanitary water system. Feedwater is automatically supplied from
the tank upon loss of pressure in the first feedwater supply.

The fourth, or last ditch, feedwater source is the condenser water system
which can be connected to either the deaerator or boiler feedwater pump
suction header through manually-operated wvalves.

Three Zeolite (Zeo Dur) water softeners in each power house are interconnected
by inlet and outlet menifeolds. Only filtered water is softened, and nor-
mally flows from the softener through the heat exchanger. A by-pass permits
this water to be diverted directly to either the demerator heater or feed-
water pump suction header.

There are four steam turbine-driven, two-stage, feedwater pumps in each
power house, each having a capacity of 200 gpm at 300 psig. The turbines
are equipped with differential pressure regulating govermors and an over=
speed trip. The pumps discharge into twin loop hemders, permitting weter

to be deliversd to any boller at either end of the upper drum. At one ernd
of the drum a two element flow regulator maintailns proper water level in the
drum, while at the other end water is admitted through a menually-operated
valve. The flow regulater is preceded by a flow metering orifice.

Electrical power is furnished from the 151 Substation through & 13.8 kv
feeder line and transformed to 2300 v, 440 v and 110 v at the Power House
Substation. The 2300 v feeders are connected to the emergency hus located
on the second floor of the 184 Building and to the normal service bus
located on the first floor. The 440/220/110 voltages are fed to appropriate
distribution panels.

In the event of interruption of the normal electric power supply, a 60-cell
storage bettery provides essential light for the building and supplies

direct current for switchgear operstion until the emergency turbo-generator
begins to supply emergency electrical power. All of the electrical facilitiles
in the power house can be supplied with power by this turbo-generator.

The rate of firing the boller is regulated by an autcmatic control system
with optional manual controls. Compressed air for this system is furnished
by a two-gtage, electric-driven compressor. A locomotive-type, steam-
driven compressor is provided for emergency backeup. Two 150 cubic feet
air receivers maintain a reserve supply of compressed air. The control air
is filtered and delivered to the components of the firing control system through
a pipe loop to all the boilers.
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Furnace ash 1s removed by dumping it into a pit beneath the furnace. Thigs
ash and the fly ash is sluiced into a trench running through the building
and emptying into a sump. The wet ash 1s then pumped from the sump into
an ash pit.

Steam flow within the power house is illustrated in Figure ITI-9. Export
steam flow in the various areas to the buildings outside of the power house
is illustirated in Pigures III-10, III-ll, III-12 and ITI-13.

Boiler water treatment chemicals, sodium sulfite and tri-sodium phosphate,
are deliveresd to the power house in bhags and storsd in the chemical mixing
roomt. Sodium chloride salt 1s delivered in carlocad lots and unloaded into
brine pits.

A modification of one boiler in the 18Lk-H Area will be used to test auxiliary
oll burning equipment.

River Pump House -« 181 Building

The secondary coolant system components at the river pump house are steanm
turbine~-driven, vertical pumps. A right-asngle gear acts as a speed reducer
between the turbine and the pump providing a gear ratic of 3 to 1, reducing
the turbine speed of 2640 rym to a pump speed of 880 rym. The number, and
capacity, of the steam turbine pumps in each of the 181 Buildings is tabu-
lated in the desecription of the 181 Buildings, but is repeated below for
convenient reference.

Turbine
Pump Number Capacity Bead Rating
House of Pumps (gal. per min.) (geet) _(np)
181-B 2 7500 150 koo
181-C None
181-D 2 7500 150 400
181~-DR None
181-F 3 7500 150 400
181-H 3 TS00 150 Loo

The steam turbines do not start automatlically upon loss of power to the
electric pumps, but must be manuelly started by opening the steam valves
at the turbines. The speed of the turbines and pumps is regulated and
controlled by a mechanical-type governor with an excepted regulation of
eight percent or better.
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The discharge piping of the turbine-~driven river-water pumps connects to

g header which supplies water to the 30-inch line tc the reserveoirs at the

182 Building. A cross-tle line between the reservoir water line and one of
the primary coolant water lines between the 181 and the 183 Buildings makes

it possible for the pumps to supply water to elther the reservoirs or the
£ilter plant.

Reservoir and Pump House - 182 Building

Water for the secondary coolant system can be drawn from the reservoirs of
the 182 Building if the river water secondary pumps are unzble to pump water
to the filter plant at the 183 Building. The capaclty of the reservoirs

is tabwlated below.

Reserveolr Capacility
(182 Building)

| Reactor Area (gals.)
100-B 25,000,000
100-D 25,000,000
100-F | 25,000,000
100-H 10,000,000

There are three steam turbine-driven filter supply pumps in the 182-B and
182-F Pump Rooms and four in the 182-D and 182-H Pump Rooms. The pumps ars
4000 gpm capacity, 250-foot head discharge pressure, 350 hp units. They
are direct-drive wnits and the turbines have a mechanical-type governor,
with an expected regulation of eight percent or better.

All steam turbines supplying water from the 182 Buildings to the filter
plants must be started manuslly by opening the turbine steam valve. A
turbine governor controls the speed of the pumps once they are in operation.

The 12-inch pump discharge plping contains a gate valve and check valve,
and ties into the filter supply header. This header is connected in turn
to each of the two primary coclant lines that run from the river pump
house to the filter plant. A 24-inch pipe line runs from the filter
supply header at the 182-B and 182-D Buildings to the inlet piping at the
183-C and 183-DR Buildings, respectively. This cross-tle line provides

a source of secondary coolant water to the 183-C and 183-DR filter plants.
Consequently, all six of the old filter plants can be supplied secondary
coolant water from the four reservoirs at the respective 182 Bullding.
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Filter Plant - 183 Building

At each of the fllter plant pump rooms, there are three gteam turbine-

driven pumps. At 183-B, D, F, and E they are rated at 4000 gpm, 250-foot head,
and are direct-drive 350 hp wnits. At 183-C they are rated as ﬁOOO gpm,
350-foot head, 325 hp units and have a 2.25 to 1 gear speed-reducer. These
units can be used to supply water to the 190 Building storage tanks in the
avent of loss of power to the transfer pumps in the 183 Bullding.

At 183-B, D, F, and B there is a 2k-inch connection between the filtered
service water line and one of the primery coolant lines which interconnect
the 183 and 190 Buildings. At 183-C the tie between the filtered service
water line and the primary coolant line is inside the 183-C Bullding. These
tie-lines are normally closed by a motor-operated gate valve and must be
opened before the turbine pumps can supply water to the 105 Building high-
‘tanks.

At least one of the three steam turbine pumps bhas an automatic control which
will start the steam turbine in the event of power -fallure to the electrically
driven pumps. The remaining units must be started manually. The speed of the
turbines is controlled by & mechanical-type governor, with an expected regu-
lation of eight percent or better.

To provide water to the power house boilers during an electric cutage, each
of the 183-B, D, F, and H Pump Rooms contalns one 1000 gpm, 165-foot head,

50 hp turbine~-driven boiler water pump as well as the normal electric pump
of the same size. This pump has a direct drive and must be started manuslly.
The speed is contrelled by a governor.

Sacondary Coolant Pumps = 190 Building

190«B, D, DR, F and H

The most important link in the secondary coolant system is the steam
turbine pumps inp the 190 Bullding. These pumps provide backup for the
primary coolant pumps in the 190 Annex in the event of an electric power
failure., These pumps are also used ag an operating convenlence to supply
cooling water to the reactor during 2 normal reactor outage. Each of the
five 190 Bulldings contain from 12 to 16 steam turbine pumps that can be
uged as a secondary water supply to the reactor.

At the 190-B, D, and F Bulldings, the turbines are direct drive. In the
150-DR and H Buildings, there 13 a gear speed-reducer (1.82 to 1 ratio at
DR and 1.79 to 1 ratio at H) between the turbine and pump. The steam is
supplied to the turbine through a 6-inch pipe line from a header in the
pump room.
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" Each turbine is equipped with & condenser but can be operated either as a

condensing or non~ccndensing unit. The turbine regulation of eight percent
or better is accomplished by a mechanical governor which is set to maintain
the desired speed of the turbine from zero to full load. A speed indi-
cator is mounted on a&ll turbines. The supply line to each turbine contains
a steam control wvalve which may override the governor valve on the shaft
and slow down the speed of the turbine by reducing the steam supply to

the turbine. The steam control valves ars operated by alr pressure and
controlled by speed regulators.

The suctlion piping of the turbine-driven pumps is tied to the same 190
storage tank header that supplies the primary pumps. The discharge piping
ties into the primary coclant piping downstream from the 190 Annex pumps.

At 190-B, D, and F, the twelve secondary coclant discharge lines tle into
the twelve 12-inch primary coolant lines in the pipe tunnels at the end

of the Annex Building. At 190-DR, the fourteen secondary lines tie into
fourteen of the sixteen 12-inch primary coolant lines in the 190-DR tunnels.
At 190-H, the sixteen secondary lines tie into four 2b-inch headers in the
190-H Building. The four 2k-inch headers then tie into the four 2U4-inch
primary coolant lines in the 190-H Annex Buillding. A typical coolant system
arrangement is shown in Figure III-1lL.

The number and size of turbines and pumps in each of the 190-B, D, ¥, DR,
and H Buildings is shown below:

Ne. of Capacity Head Turbine
- Building Pumps {ga1/min) {feet) (hp)
190-B 1z 3000 352 575
190-D 12 3000 352 575
190-DR 14 3000 352 575
190-F 12 3000 352 575
190-H 16 3000 332 575

Note: In l90-C the secondary system conzists of a steanm
turblne connected to the same drive train used for
the primary pumps, l.e., an altermate power source
is used rather than an alternate pump.

In each of the 160 Buildings electrically-driven and stesm-driven air
compressors are provided to supply air for instruments and controls. The

steam~driven units act as backup for the electrical compressors and can supply

UNCLASSTFIED




"MEVE ONYIHILE Ip-anyY

HIAISSYVIONN

s A5 n a7 V7

Ny

9 2 |

-h-':‘u »
Copacily L 2 L]
M G Il'{':ll
N N . =
“ - d N ] :@—i{l—b:)- .
= L =L s
N sraar— S " a0 %-s5
% . MI ——F ] g
» R gl laay e Y Ld
LY 4 ;ﬁ
"Faigis
s Ll L e T°
wlmm] r T ip o
. - i ™ ¥ _:' : O
> +—5— - e 10 2w
] < .“ " l gmé' ‘:1_9“‘_’-‘“1—0
 [AEL
[T
T LEL - mprte

FIGURE IIi-14
B, D, and F Secondary Coolant Piping, 190 Building to Reactor Building

TEILISSVTONND

0g afeg

€104 H50HL-ME



3

I

546007

9 21 2

UNCLASSIFIED » HW~ThO94 VOL3

Page 61

the air for the 190 fank inlet control valves and the steam control valves
on the 190 turbine pumps. Alr pressure ls automatically controlled by

governor in the steam supply to each compressor. A lubricator is installed

on the steam line to each compressor to lubricate the steam eylinders.

The instrumentation for each of the 190-B, D, DR, F, and H secondary
punping units consistas of a ateam turbine exhaust pressure gage, a pump
discharge pressure gage, a pump suction pressure gage, a flowmeter, an
individual pump speed controller, and a manual-gutomatic switch for the
speed controllers. These gages are mounted on control panels in the

190 Building Pump Rooms. Each panel contains the gages and controls for
three pumps along with an air pressure gage and one riser pressure gage.

The speed controller reguiates the speed of the turbine by opening and
closing the steam control valve. When the speed controller switch for
a unit is set cn "manunl", the steam control valve for that unit is
regulated by the speed controller on the control panel board. When the
speed controller switch is set on automatic the pump speed can be con-
trolled by the master speed controller in the 190 Control Room.

Under normal operation, seven steam turbines in each of the 190-B, D,

IR, F, and H Buildings have the speed controllers set on autcmatic and
are operating at about 300 to 500 rpm with the steam supplied through

& 3/4-inch bypass line. In the event that one of the electric pumps
trips off, or the top of riser pressure (TORP) in the reactor inlet riser
drops about 130 psi, the steam control valves of all seven turbines open
apd the turbines accelerate to governor speed in about 45 geccnds. These
seven turbines operating at the present governor speed of about 1900 rpm
will produce a top of riser pressure in excess of 75 psi. The master
cogtrcller can then reduce the pump speed, and consequently the reasctor
flow as determined by the flow requirements.

190-¢ Building

At the 190=C Building, the secondary coolant system steam turbine is a
part of the primary coolant pump drive set, as shown on Figure III-T.
The steam turbine is coupled to the pump drive shaft and turns continu-
ously when the electric motor is rumning. During the normel pumping
operation, the turbine is driven by the eleectric motor and does not con-
tribute to the driving of the pump. The turbine governor 1s set to |
open the steam supply valve at a lower turbine speed than that produced
by the electric motor, and to shut off the steam supply to the turbine
when the electric motors are running. A bypass 1s provided to supply a
smell amount of steam for cooling the turbine during normal operation.

In the event of an electric power fallure, the steam turbine will take

over and drive the pump as soon as the turbine speed reaches the
governor range. The speed of the turbines can then be reduced, from
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the 150-C Control Room, by adjusting the steam valve contreller. All
ten pumps would continue to run and be driven by the steam turbines 1f
all electric motors were lost. When all ten turbines are runing,

each pump will supply about 3900 gpm, glving a total flow to the
reactor of 39000 gpm.

Tast Ditch System

The last ditch cooling system is designed to provide adequate cooling water
to meet reactor shutdown requirements indefinitely. This has been done by
providing two mejor components in the system; the reactor high- tanks and the
export water pipe line.

ll

High Tenks - 105 Building

Fach reactor has two 300,000 gallon high tanks which, by the use of check
valves, automatically supply water whenever the line pressure to the reactor
falls below the static head pressure of the tanks. The flow 1s adequate

to satisfy the cooling requirements of the reactor for the period between
the decreasing water flow from the primary coclant pumps, which are

coasting down on flywheel inertia, and the continucus low flow from the
export water system.

105-B, D, and F High Tanlks

These tanks are steel, free standing structures, with a total height of
about 160 feet and a water level about 154 feet abave the zero level of
the reactor and about 117 feet above the top of the inlet riser. The
tank 1is cylindrical, with elliptical heads top and bottom, and i1s con~
nected to a 60-inch diameter riser with a 1/h-inch wall thickness. The
tank 1s constructed with a 13/32-inch thick plate bottom head, 3/8-inch
thick lower side plates, and 1/4-inch thick for the remaining side plates
“and top head. The riser is stayed at bracing levels by radial spider
rods attached to each of the six legs. Horizontal struts at each of five
bracing levels consist of pairs of channels, one flat and the other
vertical, varying in depth from seven to ten inches.

The tank drain lines are 12-inch diasmeter, schedule 30 carbon steel pipe.
Water enters the drain lines at a point five feet from the bottom of the
riser and passes through a gate valve, normally opened, to a dual strainer.
To inerease the tank draining rate, the gates have been removed from the,
stralners and both strainers are used in parallel.

105-DR and H High Tanks

These tanks are similar to those at 105-B, D, and F except that thej are
approximately 1l5h-feet high with a water level 151-feet above the zero-
foot level of the remctor and about lll-feet above the top. of the inlet
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riser. Three bracing levels are used rather than the five for the older
tanks., The tank discharge piping is 15~inch diameter, Schedule 30 carbon
steel pipe. At 105-H, a l2-inch csrbon steel line interconnects the two
high tank discharge lines upstresm of the check valves. This line wes
Installed so that export water could be provided to both reamctor inlet
risers.

105-C High Tanks

These tanks are similar to the others except that they are higher, approxi-
mately 175 feet to the top, with a water level approximately 167 feet above
the zero foot level of the reactor and zbout 132 feet above the top of the
inlet riser. Diagonal bracing consists of flat bars which vary in size
from five inches by one inch thick to six inches by one and three-eighths
inches thick. The tank discharge piping is lé-inches in diameter. These
discharge lines are also provided with a 1l2-inch pipe which interconnects

both high tank discharge lines upstream of the check wvalves to provide water

from the export pipe line to both reactor inmlet risers.

Export Water System

The export water system serves the dusl function of supplying emergency raw
water to the reactors and also supplying the entire raw water reguirements
of the chemical processing areas. When used for the reactor emergency
function, the system is considersd to be a source of raw water for the
reactor, or reactors, which have experienced a total loss of electrical and
steam power. The various eguipment settlngs and operating sequences out-
lined herein are subject to change as the results of current testing pro-
grams are evaluated.

Plpe 2nd Pumping Facllitles

Raw water is supplied to the export system by pumps in the 182 Reservoir
Building in each reactor area. The principal system plping is presented
in Figure III-1l5 which shows the important connections and the lengths and
diameters of the various branches. The lines shown in this figure are
conerete cylinder pipe, which consists of a 12/64-inch thick steel shell
lined with 1/2-inch thick (nominel) centrifugally-cast cement morter,
reinforesd with spirally-wound steel rod, spaced on approximately two-inch
centers.

The outside shell of the pipe is g¢overed with concrete, and the Jjoints
between the 30-foot sections are bell and splgot type with rubber gaskets.
The pipe is buried to a depth of approximately 3 feet and 1s provided
with appropriate air vents, drains and anchors. Typical 182 Building
pumping systems and 105 Bullding valve-pit comnectlons of the export
system are shown in Figure ITI-15.
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Each of the 182-B, D, F and H Bulldings has two raw water reservoirs of
15 million and 10 million gallon capaclty, respectively. The 182-H
Building reservolrs have capacities of 4 and 6 million gallons. These
reservolrs are physically separated from cne another by a dividing

wall and both are supplied by the river pumps, either eleetric or steam.
The export water pumps draw from compartmented suction wells connected
1o the smaller of the two sections.

All of the electric motor-driven export pumps are provided with solenoid-
operated cone-check valves which are set to close automatically upon
failure of the electric power.

These valves are actuated by oil pressure and timed to an emergency
closure rate which is a compromise between protection against high-speed
reverse pump rotation and water-hammer effects of too-rapid closure.

The time of closing 18 set at a maximum of 10 seconds.

The cone check valve on the steam-driven export pump is actuated by water
pressure £rom the export header, and can be set to automatically control

the discharge from the pump to match the flow demands of the system. The
controls of this valve are independent of electrical power.

All export pumps discharge into a common header, as shown in Figure III-16.
This header 1s connected to the export water system at one end and, through
a manually-operated cone valve, can be used to import water from other
reactor areas for storage Iin the larger reservoir section. This header
section can also supply emergency raw water to the filter plant, the
reactor coolant water system, or to the high tanks. The export system
header is provided with two surge suppressors which protect the export
pipe line from surges caused by the loss of the electric-driven export
punps; these are discussed in detail in Section III.C.2.c, following.
The number and location of the various export pumps are shown in the
following tabulation.

EXPCRT WATER FUMPS

L.

Electric Drive . Steam Drive _
No. of |Capaclity| Head |Motor hp [[No. of | Capacity| Heed |Turbine hp
Building | Pumps | (gpm) (£4) | Rating |Pumps | (gpm) (£t) | Rating
182-B 5 6000 k75 1000 1 £000 475 1000
182-D 2 6000 L7s 1000 1 6000 k75 1000
2 3000 k75 450
182-F 2 3000 k75 450 1 6000 4735 1000
182-H 2 6000 75 1000 1 6000. k75 1000
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105 Building Valve-Plt Connections

The reinforced concrete export water pipe is changed to a smaller size cast
iron pipe outside of the 182 Buildings in each reactor area. A steel

pipe 1s used at 182-B and C. These pipe lines enter the valve pits in
sach reactor bullding, as shown in Figure IIT-15. Each of these pipe lines
is equipped with a pilot-operated control valve and an orifice designed

to limit flow. The operation of these valves is automatic, and hydrauli-
cally actuated upon signals received from sensing lines installed in the
high tanks and in the reactor cooling water inlet risers. The elevation
of the high tank sensing lire causes the valve to open about six minutes
after the high tanks have started to drain. This time varies at the
reactors and is tabulated below: '

Sensing Line

Reactor Response Time
105-B 1l minutes
105-C ' 10 minutes
105-D 5 minutes
105-DR T minutes
105-F 4 minutes
105-H 4 minutes

The sensing line in the riser is adjusted to cpen the valve should the
high tank screens become plugged. The trip setting is 36 £ 0.5 psi at
the Grove valve, equivalent to 20 psi top of riser pressure, with annun-
ciated high and low alarms set at 55 and 45 psi, respectively. The

opening time of the valves is betwesn 10 and 20 seconds as astablished
by throttling the bleed line.

No provisiocn is meade for bypassing the export line strainers in case they
become plugged. However, in all cases, except at 105-C, two parallel

lines are each provided with a stralner so that alternate flow paths
are available.

Separations Plants Connections

As mentioned previously, the Export System is also used to provide raw
water to the chemical processing buildings in the Separations Plants.
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An export terminal is provided at the 282-E Reservoir and at the 282-W
Reservolr. Flow control for the reservoirs is manual, however, these
cone valves are presently being modified to automatically eclose or par-
tially close within 4 to 12 minutes upon receipt of a signal indicating
loss of pressure in the export system or upon losa of electric power in
the chemical processing buildings. Valve c¢losure is accomplished with
an alr-powered hydraulic pump and 1= Independent of external power
sources.

d. Surge Suppressors

The 8-inch diameter surge suppressors, installed in the export water

heeder in the 182 Buildings, are provided for the purpose of counter-

acting the pressure transients caused by failure of the export pumps and

to protect the pipe from over-pressure caused by improper coperation of

the egquirment or valves. The transient pressure protection is effectively
provided by "anticipation", i.e., operation is initiated by low pressure

in the export header caused by the negative-pressure surge which immediately
follows pump failure. This causes the suppressors to begin eyeling by
de=energizing a spring-locaded solenoid. The cycle is completed automaticall:
through mechanical action of controls which are integral with the suppres-
gors and adjusted to open in one and one-half to three seconds and close

in two minutes. The maximum discharge per suppresscor during & oycle has
been estimated as 11,000 galions per minute.

The pressure trip settings for the surge suppressors are glven below:

Export System Surge Suppressor Settings

Pressure Control, Trip

Pregsure Control, Reset

Main Valve Cpening Time
. Closing Time

Solenoid Control, Trip
Reset

Relief Valve

11/2 to 3
120 £ 10 Sec.

Upon low=pressure signal
After 60-T0 sec. delay

285 - 295 psig (B & D)
305 - 315 psig (F & H)

The controls provided for surge protection are arranged so that the sup-~
pressor will not recycle until the export header pressure eguals or exceeds
the reset pressure for a veriocd of time greater than 60-70 seconds. This
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feature is required to prevent unnecessary recycling during a pericd of
approximately six minutes following pump failure, in which the system
{3 unstable due to interaction of surges suppressors in the four limited
areas.

The overpressure trip 1s actuated by a relief valve and is independent
of the solenoid. Overpressure will cause & suppressor to cycle at any
time that the header pressure exceeds the relief valve setting. A
manually-operated glove valve is provided in each surge suppressor line
to prevent excessive water loss should a suppressor fail to close.

All of the 182 Building export water pumps can deliver water to the
System at the same rated discharge pressure, 475 feet. However, con-
sidering both the pipeline capacity and elevation, the 100-B and 100-D
Areas are in the most favorable location to supply the daily water
requirements of the Separations Plants, see Figure III-1l5. Consequently,
the normal pumping load is carried by the 100-B Aree and is provided ex-
clusively by electric motor-driven pumps, the steam turbine pumps being
regserved for emergency operation only. In non-pumping areas, the 182
Buildings are not menned by operators and the steam pumps are set to
automatically begin pumping within one to ten minutes after the loss® of
electrical power. Thls optional delay is provided to control the emer-
gency loading on the bollers in the power house.

Water Plant Instrumentatlion and Control

River Pump House - 181 Building

The Iinstrumentation in the River Pump Houses consists of pressure gages on
the pump discharge lines and headers, ammeters and volimeters on the incoming
electric lines and an ammeter for each feeder line to the pump motors. Scome
of the pumps have a thrust bearing temperature gage, and an upper and lower
guide=bearing oll temperature gage. The incoming electrical power lines and
each of the feeder lines to the pumps have thermal overcurrent relays and
either a fuse or an instantanecus overcurrent relay to protect the equipment.
The 181-D and the 181-H Buildings also have ground fault protection relays.
The ammeters, voltmeter, and relays are located at the switchgear in the
building. At the 181-B Building there is also a river water temperature
gage.

Motors can be operated manually at all of the 181 Buildings by push buttons
at the switchgear. The river pump house motors in the 181-B and 181-D
Buildings can be operated from the control rooms in the 183-C and 183-D
Bulldings, respectively. An annunciator is a part of the supervisory
econtrol system and sounds an alarm at the control room in 183-D for a pump
motor tripout, a high building temperature, a high river water screen
pressure differential, a high bearing temperature, and battery and bus
undervoltage. At the 183-B Control Room, the supervisory control annun-
clator sounds an alarm for & motor tripout, an electric bus undervolfage

for the 181-C pump motors and a thrust bearing temperature tripout for
the 181-C pumps.
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During reactor operation all electric pumps in most river pump houses are
required. During a reactor outage, the number is reduced to one, two, or
three pumps to satisfy the demand at the reactor. Check valves in the pump
discharge piping prevents back-flow through the non-operating pumps.

Reservoir and Pump House - 182 Building

182 Inlet House

The flow of water into the 182 Reservoir is regulated by control valves in
the 182 Inlet House. Both the 30-inch reservoir lines and the 42~inch line
from the primery water system conteln cone valves. When the control system
is opersting automatically the positioning of the cone valves is controlled
by the water level in the 182 Reservoir. Normally water flow is regulated

"by the 30-inch reservoir supply line control valve, which is regulated to

maeintain a constant level in the reservolr. If the reservolr water level
falls below & lower limit; a second control valve in the 42-inch line from
the primary water system will alsc open. As scon as the demand from the

182 Reservoir diminishes to the point where the 30-inch reserveolr line can
supply all of the water, this second control valve closes. Water flow into
the reservoirs is controlled automatically in the 182-B and 182-D Inlet
Houses. At the 182-F Inlet House, the flow through the 30-inch line is
controlled automatically, but the flow through the 42-inch line is con-
trolled manually. The flow into the 182-E Reserveoirs is controlled manually.

182 Pump Room

The instrumentation. for the filter supply pump and piping system is limited
to two pressure gages on the fillier supply header. The incoming electric
lines have an ammeter, voltmeter, and instantaneous overcurrent relay. The
feeder lines to each pump have an ammeter, a thermal overcurrent relay,

and a fused overcurrent relay. The filter supply pumps are used only

at infrequent intervals to help supply water to the 183-B and 183-D Filter
Plants. When there is a shortage of electrical pumping capacity at the
river pump house, due to a pump being down for maintenance or repair, the
two steam turbine pumps can be used to pump water to the 182 Reservoirs.
One or two of the filter supply pumps are then used to pump water from

the 182 Reservoirs to the 183 Filter Plants.

3. Filter Plant and Chemical Treatment - 183 Bullding

2.

183 Head House

The flow rate from the river pumps to the 183 Filter Plants 1s regulated
at the 183 Head House with & cone valve in each of the two pilpe lines to
the settling basins. Each of the cone valves has a bypass line with a
motor-operated gate valve. The regulation of the cone valve is auto-
matieally controlled by the water level in the setiling basins. PFlow in

each pipe line is measured by an orifice located in the head house valve
Pit .
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The instrumentation and controls for the 183 Head House and Sedimentation
Basins are mounted on a control penel located in the head house. The con-
trol panel contains a flow recorder, a mercury flow gage, and a pressure
gage for each of the two inlet lines, a basin level recorder for each
half of the basins, a manual control switch and controller for each of the
cone valves, and push-button station with lights for each of the bypass
valves. At 183-C and 183-D the control panels alsc contain the supervigory
control push-buttons for remotely starting and stopping the electric pumps
at 181-B-C and 181-D-IR, respectively.

Each head house contains a laboratory for determining the quality of both
the raw and filtered water. The water quality forms the basls for a
change in chemical feed and £ilter hackwash cycles.

183 Filter Building

The filter bulldings contain the controls and instrumentation for the
filters and the filter backwashing system. There 1s a backwash control
panel at each filter in the six filter plants. Each of these control
panels contain manual contrels for the influent valve, the two effluent
valves, the tweo backwash valves, and a waste valve. A head loss gage and
a filter flow meter gage are also mounted on all of the control panels.
The 183-H backwash panels do no have flow meters. The valves in the back-
wesh system are hydraulieslly operated. The baclomsh period 1s determined

by a combination of water quality, filter flow, and head loss through the
filters.

The filter backwash system at 183-C is normally semi-automatic. The back-
wash process is mamielly started and will continue automatically until
the e¢ycle is completed. The semi-automatic system can be switched to
manual at any time allowing the filter backwashing process to be con-
trolled from the backwash control panel, as in the other filter buildings.

/
The filter backwash system at 183-IR is presently a manusl system, but is
being modified to make it automatic and similar to the 183-~C system.

Each filter building has a water level recorder for each clearwell and a
high tank filtered water header pressure gage. The fllter flow meters

are connected to venturis in the effluent lines of each filter. The flow
rate of the filters 1s normelly regulated hy a control valve in the filter
effluent lines. The valves are positioned according to the water level

in the clesrwells at 183-B, C, D, F and H. At 183-DR the valves are
controllied by the water level in the 190 Storage Tanks.

The 183~DR Filter Room has a control panel with f£low dial gages for the

two effluent flumes, tank level dial gages for each of the four 190-IR
Storage Tanks, a water level gage for the four tanks, a make-up water
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recorder, a backwash water recorder, and a manual regulator for the
mekeup water butterfly valve. A large double-face backwash dial gage
1s also mounted just cutside of the control room.

The 183~C Filter Room also has a control panel board with water level
gages for the four 190-~C Storage Tanks, flow gages for the north and
gsouth effluent flumes, water level gages for emch clearwell reservoir,
a backwash flow gage, a high-tank level gage and a high-tank level
pressure gage.

Filter through-put can be increagsed by ralsing the water level in the
settling basins and by lowering the water level in the clearwells.

Either condition inereases the avallable head through the filters. The
optimum water Jevel of basins and clearwells varies in the different
filter bulldings according to which part of the water plant system limits
the maxdmum flow possible.

183 Pump Room

The primary coolant water instrumentation in the 183 Pump Rooms consists
of pressure gages on the discharge lines of the transfer, high-tank, and
backwash pumps, and pressure gages on the transfer and high-tank pump
headers.

The incoming electric lines contain an ammeter, a voltmefer, a thermal
overcurrent relay, and an Iinstantaneous overcurrent relay. The feeder

lines to the pump motors contain an ammeter, a thermal overcurrent relay, and
elther an instanfaneous or a fused relay.

As at the 181 Building, there are no control valves or flow meters in the

183 pump discherge piping. The water flow i1s regulated by the control valves
in the lines to the 190 storage tanks. Normally all six process pumps

are run during reactor operation. During cutages the number is reduced

to one or two pumps.

k. 190 Building and Pump Annex

.

Water Storage Tanks

Water flow to the 150-B, C, D, F, and H Storage Tanks iz regulated by con-
trol valves in the storage tenk inlet lines. At 190-B, D, and F the
control valves are cone valves, at 190-H they are butterfly valves, and
at 190=C they are hall valves. The operation of the valves is controlled
automatically by the storage tenk water level. At 190-DR, the flow is
econtrolled by adjusting the amount of make-up water, supplied from 183-D,
added to the effluent flumes.
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The instrumentation for the cooling water piping system in the 190-B,

D, F, and'E storage tank rooms consists of a water level gage board for’
each tank, a recorder showing water drawdown for each tank, a pressure
recorder for the incoming line header, and four pressure gages on the
incoming line header--one in the vicinity of the tee for each of the
inlet lines to the tank. There 18 no flow measurement equipment for
the piping bhetween the ftransfer pumps and the primary coolant pumps.

190-B, D, DR, F and E Aanex

Mouwnted on the pump and drive unit, or on the instrument panel near the
pump are the followlng temperature gages: the motor inbeard bearing,
inlet and outlet air to the motors, the motor outboard bearing, the
flywheel bearing, flywheel air, the four reduction gear bearings, the
pump inboard bearing, the pump outboard bearing, and the pump thrust
bearing. Each gage has a high temperature indicator and an elecgtrical
contact for the alsrm annunciator. A lubricating oll pressure gage is
mounted on the pump, and a suction gage is mounted on the instrument
ranel.

Each pump set has a field control panel in the Apnex Pump Room. Each field
control panel contalns sixteen annunciators with visual signals for high
temperature in all bearings, hipgh motor and flyvwheel alr temperature,

high motor winding temperature, high and low lubricating oll temperature,
and low lubricating oil pressure. Meters on the panel show power factor,
AC amperes, DC field amperes, and winding temperatures f£or the motor.

A manuel rheostat is provided for control of the synchronous motor DC
field. The field breaker, discharge resistors, rotor protection reslay,

and synchronizing relays provide for completely auntomatlc field application
and removal.

There i3 also a power loss relay and bypass in the 190 Bullding for each
14500 hp electric motor. These relays monitor input power to the motor and
when the power input 13 below the set value, the relays operate to scram
the reactor through the power failure (FF) relay in the 105 Building, to
sutomatically accelerate the emergency steam turblne-driven pumps in the
190 Building, and after a 30-cycle time delay, trip the synchronous motor
cirecult bresker in order to prevent loss of flywheel energy through re-
gereration. A typical electric contrel system used with the electric
motors for the primary cooling water pumps is shown in Figure III-1T7.

An emergency motor control center is located in each of the 190 Annex
Pump Rooms for operating the cone valves; the bypass valves, and the
electric-driven lube oil pump.

Each cone valve has two motor operators--one for seating and unseating the

valve, and one for rotating (open-close) the valve. Pressing the push
button for either "open" or "close" automatically starts the valve unsesting
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Control System for Primary Coolant Pumps

in 190 B, D,

ALC-GE RICHLAND, WASN.

DR, F and H Buildings
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operation and sequential open or close operation. Each of ithe motor
operators has valve position indicators. PFPower is normally supplied
from the 151 Substation with automatic transfer to emergency power
from the power house turbine-generator.

The operstion of the primary coolant pumps is accomplished from the
control room panel board which contains all of the controls for the
eight pumps and associated valves. The graphic panel shows the fol-
lowing switches, inatruments, and indicators for each pump unit: a
pump motor breaker control switch (SB-1) and indicator lights; cooling
water supply valve operating switch and indicator light; auxiliary
lubricating oil pump motor operating switch and indicator light; pump
discharge cone valve open, close, and stop push buttons and indieator
lights; bypass valve open, close, and stop push buttons and indicator
lights; selector switch for individual or group operation of process
pump discharge cone valves; pump £flow indicator; and pump discharge
pressure gage. Also included on the graphic panel 1s a set of master
control push buttons for operating the cone valves. The cone valve

is operated from its own push buttons for manusl cperation. The cone
valve may be controlled by the master control push buttons for sutomatie
operation. Any part, or all of the eight cone valves can be operated
automatically by the master control, and all eight cone valves can be
opened or closed at the same time.

The control penel has UC visual alarm blocks and a warning buzzer. In
the event there is a malifunction on any part of the pump sets, the buzzer
sounds and one or more blocks will light up end indicate the offending

pump set.

Miscellaneous gages and recorders that are vital to the primary coolant
gystem are also mounted on the control panel. They include a water level
gage for each 190 storage tank, the primary coclant pumps suctlon header
pressure gage, the 190 storage tank header pressure gage, emergency fil-
tered water pressure gege, a reactor inlet riser pressurs gage and re-
corder, a high-tank water level gage, and an export pressure gage.

150-C Annex

The instrumentation for the 190-C pump drive sets consists of temperature
gages and lubriceting oil pressure grges mounted on the units. There

are temperature gages for the flywheel bearings, the four reduction gear
bearings, and the four fluild drive bearings. An oil pressure gage for
each of the pressure lubrication systems 1s also mounted along the side
of the pump drive set.

¢

There 13 a power loss relay and bypass for each 3500 hp electric motor.
These relays monitor input power to the motor and when the power input is
below the set value, the relays operate to scram the reactor through the
power failure relay In the 105-C Bullding. Undervoltage relays, with
bypasses, in the 151 Substation also operate to scram the reactor.
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Control System for Primary Coolant Pumps
in 190-C Building
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A typical electric motoxr control system assoclated with each pump is
shown on Figure ITI-18.

Three motor control centers in the 190~C Pump Room contailn the controls
for the operation of all motor-operated suction header valves, pump
discharge valves, discharge header valves, cooling water valves, and
steam supply valves. The operation of the valves is controlled from
the panel board in the control room.

The operation of the ten primasry coolant pumps and the regulation of
the flow to the reactor is accomplished from the control room penel
board., Each set of controls consists of: & motor control switch, a
turbine control switch, a cooling water valve switch, & pump speed
controller, a fluid drive oil temperature gage, a discharge pressure
gage, & fluid drive inlet speed indicator, a fluld drive outlet speed
indicator, a power loss relay bypass switch, and an AC annunciator.

Other panel boards contain flow gages for each pump, 190 storage tank
water level gages, pump suction heeder pressure gages, reactor inlet
riser pressure gages, cooling water pressure recorder, high-tank water
level gages, filtered water pressure gages, export water pressure gage,
a master control, and a master controller for the individual pump speed
controllers. .

The speed of the pumps is controlled through the fluild drive and can be
done either wmanually or automstically. Any one of the primary coolant
pumps may be controlled manually while the others are controlled auto=-
matically.

The speed of all operating pumps is controlled by the master control when
the master speed controller and all individual pump speed controllers are
set on automatic. The desired top of riser pressure can be set on the
master control and the speed of all pumps will be automatically adjusted
to produce this top of riser pressure. Within the range of the pumps,
the reactor flow can be regulated by the master control. Normelly this
method i3 used to regulate the 105-C Reactor cooling water flow.

The discharge line gate valves are not normally used for regulating flow

from a pump. When the pump is initially started, the gate valve is
closed. When the pump is on the line, the gate valve 13 wide open.
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IV. POWER DISTRIBUTION INTERNAL TO THE AREAS

A. DNormal Electric Power System

All normal electric power to the buildings is supplied from the 230 KV Trans-
mission Loop by the 151 Substations located in each area. Basically, there
are two separate pormal power supplies throughout each area to each building.
Normal cperation is with bus tie breakers and switches cpen. Profective
relaying is coordinated so that a minimum of equipment is affected by fault
conditions, &nd the dual power supply provides for continuity of power from
the normal source upon loss of any single feeder.

1. 151 Buildine Primary Substations

a. Power Transformers

There are two power transformers in the 100~F and H Areas, three in the
100-B and D Areas each rated 18,750/31,250 kva, 3 phase, single case, 220
kv gr ¥ to 13.8 kv delta. They supply the two 13.8 kv distribution systems
in each ares. There are two 2-1/2% voltage taps above and below rated
primary voliage. The delta secondary of each transformer is resistance
grounded through individual zigzag grounding transformers and resistors
to permit high speed ground current relaying. Substation design, with
overhead static wires, large ground met, lightnipg arrestors, and under-
ground 13.8 kv feeders, provide modern protection to the extent that
faults on one 13.8 kv system have no affect upon adjacent systems. A
single transformer is adequately rated to supply all shutdown power re-
quirements in an area. When reactors are in operaticn, the area power
demand requires all transformers to be in service.

Power Transformers 220/13.8 KV

NORMAL
TRANSFORMER MAXTIMUM OFERATING SHUTDOWN
BUTLDING NIMEER. RATING 10AD 10AD
Lo Kvax*® kva#* kva
151-B 1 31,250 27,000
2 " 27,000 Approx.
3 :: 26,000 5000 kva
151-D 1 23,000
2 :: 23, 000 FER
3 29, 000 REACTOR
151-F hi :: 18,000
L 2 . 19,500
51-F 1 19,000
2 " 19,000

#Power Factor between 1.0 (Bus #3, 151-D) to 0.96 lag (Bus.l & 2,
.151-8).
*»ith two sets of fans installed.
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Switchgear and Bus Arrangement

Figures IV-1, IV-2, IV-3 and IV-4 show the 13.8 kv bus arrangement and the
feeders to the bulldings. The 13.8 kv switchgear at the primary sub-
station is located inside a concrete block building. Switchgear, includ-
ing oil circuit breakers, has been in service sinee plant startup while
modern switchgear with air circuit breakers has been installed for the
151-H buses, the No. 3 and 4 buses at 185-B and D, and for the synchronous
motors at the 151-B and P Substations. Each cubicle contains switches

to control the electrically operated circult breakers; relays for
protection of the bus and feeder circuit, and instruments. Each of the

two buses is supplied through multiple cables running from the power trans-
former outside, through underground ducts, through the basemint vault, and
to the 2000 ampere incoming line circuit breakers. Outgolng feeder cables
are run in underground ducts approximately 200 feet from the substation
building to overhead pole lines. Switchgear for the two buses are arranged
"back~to-back," and building feeders may be manually switched to be
supplied from the alternate bus.

Circult breakers are adequately rated for normal designmed duty.

Duty Rating Normal Ioad Interruption Rating
13.8 kv Amperes Amperes __mva .
Inecming Line 2000 TC0 to 1200 500
Bus tie 2000 Open 500
Feeder 1200 1l to 250% 250

. 500 .

*Synchronous motor start across-the-line at approximately 1100 amps.
*¥01l, circuit breakers, OCB's, on all feeders on Buses 1 and 2 at 151-B,
--D, and F are rated 250 MVA interruption duty. Newer air circuit

breakers, ACB's, are rated 500 MVA.

Buses No. 3 and No. 4 at 151-D are located in the substation annex and
are operated as one bus serving only the 4500 hp synchronous motors, four

-in 190-D and four in 190-DR. Buses No. 3 and 4 in 151-B are also normally

operated as one bus.

Normal Operation

Substation and maintenance personnel perform all switching manually on
orders from the central dispatcher located in the 251 Substation. Con~
ditlons involving removal of one of the two power supplies to the buses,
for maintenance purposes or loss of one or both supplies through fault,
are controlled by Critical Power Procedures which permit continued
operation of the reactor or require shutdown as the conditions dictate.

All circuit breskers, for the 4500 hp synchronous motors at 190-B, D, DR,
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F, and H and the 35000 hp induction motors at 190-C, are cperated from the
control room in the respective 190 Builldings.

Relaying

Protective relaying is provided throughout each area in accordance with
medern practice for industrial plant electrical distribution systems. In
the event of overload or short circult on the system, these protective
devices localize the distiirbance by selectively tripping the protective
device nsarest the source of trouble. Fuse and relay selection, installa-~
tion, and setting is based on formal ccordination studies and is designed
to provide maximum protection to systems and equipment from the 200 kv
transmission lines down through the 13.8 kv distribution, the 2.4 kv
distribution, and the 440 volt building power systems. Typical relays
used are tabulated on Page 85.

Avxtiliary Supply

™wo station service transformers, 37.5 kva each in 151-B, D and F, and
300 kva esch in 151-H, supply awxiliary lighting, and power to battery
chargers in the 151 Buildings. A single 125 v, DC, 60 cell, lead~-acid
battery with motor-generator charge in each subatation provides power
to operate all 230 kv and 13.8 kv circuit breakers, indicator lights,
and annunciators.

13.8 KV Distribution System

Primary Distribution

Overhead primary distribution feeders, 13.8 kv on wooden poles, supply
normal power to each of the process buildings.

The two feeders to each building are on separate pole lines t0 minimize
common troubles. Feeders are protected by time overcurrent and residual
ground relays.

Alternate Lines

At 181-B and 181-D, the capacity of a single line is less than the total
load of these bulldings. If it is necessary to remove cne line from
service, an altermate linme extension of the 183 Building feeder may be
utilized by operation of local, manually-coperated pole top switches. The
normal feeder to the 184 Building is an extension of either one of the
183 Building feeders in each area.
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TYPICAL EEIAYS APPLIED
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Thermal
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X X
X X
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only
X X
X X
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c2-13
c2-110
c2-L8
c2-19
c2-L71
c2-LT%
e2-I1
c2-12
c2-L75
c2-L72
c2-L73

Ch-L5
ch-108
ch-L16
Ch-117
Ch-1h
ch-1.
cl-113
Cle-Tah
ch-16
ck-135
ch-1.3

¢5-L13
¢5-112
¢5-111
Cc5-110
CS5-19
Cc5-18
C5-LT _
Cc5-16
C5-15
c5-12
c5-L1

G6-L5
c6-L16
c6-11%
c6-115
c6-L3
ce-14

Page 86
13.8 XV, 3-¢ DISTRIBUTION FEEDERS
Capacity FPresent
Bldg. Sexrved Amps Load Amps Remarks
181-BC 346 230
181-B/C 346 310 Feeds Midway & Riverland
182,183 & 184-B 346 140
182,183-B (& 184-B) 346 145
183-C 185 k5
183-C 185 80
190-B, 105-B (300) (45)
105~B (300) 2
190-C (185) T Underground cable
105-C 5185) 18 " "
105-C 185) 18 " "
181-D/IR 346 230
181-D/DR 346 265
182-183-D 346 70 Alternate to 181-D and 184-D
182-183-184-D 346 160
190~105-D 1
105-D ks
190~IR 1
190-DR 1
105-DR 8
105-DR 15
186-189-D 2~T0 Pest
181-H ) 210 120 Overhead Pre-assembled cable
lal'H 210 95 " 1] "
182-3 (210) 5 n fn "
182-H (220) 10 " " "
.183-H 210 . 85 " " "
183-H 210 8o - " "
184-g (1906-E) (210) 17 " " "
190-H 200 2 Underground Cable
190-H 200 2 " "
105-H (150) 20 " "
105-H (150) 11 " "
181-F 346 105
182-F 346 90
182-1.83-184-~F 346 100
182-183-F (& 184F 346 90
190-105-F (346) 65
105-F (346) 1
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Q.. Peeders to 190 Annex Pump Motors

The 13.8 kv feeders to each of eight 4500 hp synchronous motors in each

of the 190-B, D, IR, F and N Annexes are three 350 MCM, single conductor,
shielded cables run in separate underground ducts from the vault at the
151 Substation to the motor in the 190 Building, approximately 1800 feet
awvay. ©Separate control cables for motor control, indleation and alarm,
and for differential relay protection of the motors are run in =2djacent
ducts. Cable to motors 1z rated 150 percent of the motor nameplate current

of 19 amperes and ia adequate for acress-the-line start of the motors;
i.e., 550 percent current for 70 seconds.

Ten 13.8 kv feeders, from 151-B to 190-C supply ten 3000 kva, 13.8/4.16 kv
transformers located Just cutside the 190=-C Bullding. Each transformer

supplies ocne of the 3500 hp inductlonr motors in 190-C.

Feeder lines to motors in each of the 190 Bulldings are dlvided equally
between the substation buses so that the loss of cne bus will not cause
loss of all 190 process pumps. The 40 synchronous motors at 190-B, D,
DR, F and H have continuous ratings of 4500 hp at 0.8 Power Factor with
15% service factor and present locads are between 4750 hp and 5000 hp
depending on eight or seven-pump operation, respectively. At 190-C, the
3500 hp induction motors have no overload nsmeplate rating, but are
operated at approximately five percent above the 3500 hp rating with
maximum temperature limits of 103°C (Resistance Temperature Detectors)
and with minimum voltage limits (approximately 100 percent voltage) to
control temperature in summer months.

23569937 44

9

3. Bullding Substations

a. Transformers

Individual substatims at each bullding provide for switching of the
primary feeder, and transformation from 13.8 kv to utilization voltages;
i.e., 2.3 kv, 480 volt, and 110/220 volt. The main power transformers
are 13.8 kv to 2400 volts at all builldings except 105 (480 volt) and
the va rating and lcads are tabulated below.

Qlder transformers at 181-B, D, and F and at 183-B, D, and F were rated

3000 kva when new and were recently uprated to 4500 kva, 5000 kva with
fang.
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BUILDING SUBSTATION CAPACITY
Bldg. Quan. Rating-KVA Bus 1 Bus 2 Remarks
181-8 2 4500/5170 2450 2kgo (Bus 1 and 2)
- 2 ——— 1230 1230 (Bus 5 and 6)
- 2 L500/5000 2210 2210 (Bus 3 and 4)

182-B 2 2500/3125 2500 2300 (7 - 200 np motors
not used)

183-B 2 4500/5000 2400 2100

183-C 2 3570 1300 - 1950

181-D b 3750/4687 275 3300 Bus 3 - 3300 Bus 4 =
2000 (8 - 200 hp
motors not used)

183-D 2 4500/5500 2500 1650

181-F 2 4500/500 2500 1700 (Fan rating on one
transformer )

182-7 2 3250 800 450

183-F 2 4500 2300 2100

181-E 2 3750/5000 200 300

182-E 2 3750/5000 1400 900 (9 - 200 hp not used)

183-E 2 3750/5000 2550 2150

18k-EDFH 1= 3 -1-~-333 450 - (At 184-B Bus 2 -
400 kva)

190-105-FDF 1@ 2000 1500 -

190-H 2 3750/5000 200 200

105-EBCDF 2 750 250 150

105-E 2 1000/1250 220 500
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As the load increased in various bulldings in the past elght years, fans
were added to some transformers to obtain the higher rating. It is

the general practice to maintain normal loads within the rating without
fans as locad factors are normally greater than 85 percent. When one
transformer is taken out of service for maintenance, the fan rating

of the remalning tra.nsformer( 3) at that substation 1s sufficient to
carry all bullding loads. Spare capacity for export pumping (normal

to 182-B Building) 13 located at 182-D, F and H Bulldings.

The major load on the single transformer at 190-B, D and F Buildings
is ventilation fans. New transformers have been installed at 105-B 3
D and F and they are oversized for anticipated future loads at these

buildings.

6

b. Incoming Line Feeders

The 1200 ampere, 2400 volt, incoming line cables are three 500 MCM
per phase at 182-B, D and F and at 183-B, D and F. Incoming cables
to the 181 Buildings are run in underground condult. At the 181-H,
the 183-H, the 105-B, D, D, DR and E Bulldings, the incoming 2400
volt feeder is a bus duct.

5007

)

C. Switcgge_ar

There are two 2400 volt switchgear buses (1200 ampere) in each of
the 181-F and H, the 182-B, D, F and H, and the 183-B, D, F and H
Buildings. At 181-D theres are four buses, and at 181-B and C there
are six buses. Each bus has an incoming line oll eircuit breaker
(1200 ampere), a bus tie switch or breaker, and one feeder oil
circuit breaker for each motor (60 to 1000 hp) served directly at
2400 volts. Switchgear at 181-D, 181-H, 182-H, and 183-H Bulldings
bas a DC battery for control while at 182-B, D and F and at 183-B,
D and F, the breakers are AC controlled with capacitor shunt trip.
Ammeters and voltmeters are provided to indicate bus voltage and
current on each feeder. Time overcurrent and inastantaneous over-
current relay protection is provided. At 181-D and 181-E, the buses
are resistance grounded through "Y-Delta" grounding transformers
and ground relay protection is provided.

9
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' Where pump equipment is located away from the switchgeer, the "start-
stop" electrical switch is located near the pump motor. Incoming line,
bus tie, and station services breakers and switches are controlled at
the switchgear. At 181-B and C, a supervisory control system, which
was originally installed to "start-stop" twelve 181-C motors from the
183-C head house has been reactivated and extended to control all 24
motors at 181-B and 181-C from the 183-C Head House. At 181-D, an
auxiliary remote control system has been installed to allow "start-
stop” controcl of the 15 river pumps from the 183-D Head House, and
undervoltage amnunciation, bearing temperatures, screen differential
pressure, and motor trips are alsc provided to the 183-D control

panel.

The 2300 volt switchgear at 182-B, D, ¥, and at 183-B, D and F, and at
181-F is operated 2400 volt undergrounded delta. While the breakers
have adequate lcad and short circult current rating, avallable short
eircult 39,500 kva - 183-B, the bus tie switches are not load break
rated. One bus must be de-energized to operate the bus tie switch.

B. Eme-rgency Electric Power Systems

1.

Power Socurce and Generation

A steam turbine-driven electric generator, 750 kva, 2300 volt, three-phase,

is located in each of the 184-D, 184.F, and 184-H Buildings and two
generators are in 184-B. These units are normelly at standstill and are
manually preset to start automatically and assume emergency bus lcad
upon loss of the normal power supply. The 2400 volt bus at the 184
Building is normally supplied from three 333 kve trsusformers, 13.8 kv
to 2400 volt, on a feeder from the 151 Substation. Four outgolng feeders
from the emergency bus serve the 184 Bullding auxiliaries; e.g., lighting,
alr compressor, coal-conveyors, water softener equipment, and ash and -
slulce pumps, the 2300 volt feeder for power lighting to the 105, 108,
115, 189, 190, and 1700 Buildings, the 2300 volt feeder for power and
lighting to the 162, 183 Buildings, and tre security fence and street
lighting. Upcn loss of normal power supply to the bus, undervoltage
and/or lighting. Upon loss of normal power supply to the bus, under-
voltage and/or underfrequency relays trip the incoming line oil circuit
breaker apl trip open the solenoid-operated steam wvalve to start the
turbine generator set.. It regquires approximately twelve to fifteen
seconds for the generator to come up to speed and assume the load.
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Frequency and voltage relays are set to automatically close the generator
oll circuit breaker to energize the bus as soon as the speed and voltage
are normal.

The turbine speed is governor-controlled at 3600 rpm, and an automatic
voltage regulator controls the generator voltage as preset on the manusl
rheostat control.

The generators are protected by differential relays and losg of field
relays. The turbine speed is governor-controlled with mechanical and
electrical overspeed trips.

Power Ratings and load

Figure IV~-5 i3 a one-line diagram of a typical 2400 volt emergency dis-
tribution system. Operdting load on the emergency bus is approximately
240 kva (days) and 300 kva (nights), with street and fence lighting. The
incoming line transformer is 1000 kva, three-phase, and is capable of
carrying normal and/or emergency locads. Epmergency load pick-up by the

enerator upon loss of the incoming line supply is approximately 450 kw
500 kva). The increased load on emergency pickeup is occasioned by
automatic transfer switches in the 105 and the 190 Buildings.

Total connected load transformer ratings is approximately 3000 kva, but
these are not fully loaded. Significant diversity exists between loads
such as power house sluice pumps, coal-handling equipment, 190 valves, and
air compressors.

Building Transfer Swiltches

The 480 volt "emergency bus™ at the 105 Buildings 1s operated with normal
supply from the 151 Substation source and with the emergency incoming
line breaker open. Upon loss of normel supply to the emergency bus in
105, the normal incoming line breaker is tripped by undervoltage relays
and the emergency feeder breaker closes automatically to supply power
from the 151 Substation through the 184 Bullding emergency bus to the

105 Building. Transfer is delayed several seconds to override system
transient conditions. Upon loss of normal power at the 151 Substation
bus (loss to both 105 and 184 Buildings), the incoming line breakers to
105 Building may remain closed until the emergency generator energizes
the 18% buss, at which time the transfer will proceed at the 105 Building.
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Necessary instrument systems and part of the lighting throughout the
building is supplied from the emergency 480 volt bus at 105.

The 480 volt emergency power bus at 190 Buildings is supplied from the
normal source through two tranafer hreskers. Upon losa of the normal
gource, the transfer to the emergency feeder as a source is automatic.
Cooling water valves, lubricating oll pumps and a part of lighting
throughout the building are supplied from the emergency hus.

All 184 Building electrical auxiliaries are normally supplied from the
emergency bus, and may be operated with the emergency generator as a
source. The emergency lighting at 182 Bulldings is operated from the
emergency source and may be manually switched to the "nmormal"” bus.
Backwash pumps at 182 Bulldings may be manually switched to the emer-
gency source. There is no emergency feeder to the 181 Buildings.

A nominal amount of emergency power 1s supplied to service buildings.
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V. REACTOR AND BUILDING

A.

General

The arrangement of a reagtor bullding, typicel of the 105-B, D, DR and F
Buildings, is showm in Figure V-1. The 105 Buildings for the C and H
Reactors are similar except that the ventilation fan room wing is located
oppesite, and in line with, the ocuter rod room wing rather than in the fore-
front of the building as shown in Figure V-1. The fan room wing of the
105-H Building also contains the reactor gas system, which is housed in a
separate building (115) at the other reactors.

The arrangement of the reactor and 1ts control facilitlies is the same in
all of the reactor buildings. The charging face, or front face, of the
reactor faces the cooling water pump roocm, or the 190 Building. Two
underground reinforced concrete tunnels comnect the two bulldings and

serve as the pipe run for the reactor cooling water system. The horizontal
control rods enter the left side of the reactor, when facing the front face
with the control room located beneath the horizontal control rods. Experi-
mental test holes are located In the right side of the reactor. The fuel
discharge area and the storage area are located behind the reactor outlet
face, rear face, and are inter-connected via an underwater chute.

The 105 Reactor Bullding wall construction, typicaily, 1s reinforced concrete

in the lower portions of the building with concrete block at 105-B, D, DR, F and

H; and corrugated asbestos-cement siding at 105«C for the upper portions os
the building. The reinforced concrete walls serve as shlelding walls and vary
from three to five feet thick, depending upon thelr location. Roof con-~
struction varies from precast concrete roof tile at the 105-B, D, IR and F
Buildings, to poured insulating concrete in the 105-C and H Buildings. The
roof construection over the inner rod room and the rear face enclosure is
reinforced concrete. Door comstruction 1s generally light and the reactor
bulldings in general can be c¢lassified as light, non-airtight industrial
bulldings.

The ventilation system in the 105 Bulldings serves a twofold purpose. It
provides ventllatiocn for personnel comfort and also controls the potential
spread of radlcactive contamination in the building. Ventilation air is
supplied directly to all parts of the building. The control room has a
separate refrigerated air condltioning system. In the service and office
areas of the buillding, the alr is exhausted through roof ventilators. Air
from the potentially contaminated areas surrounding the reacgtor is exhausted
by fans through particulate and charcocal filters, and then into a2 200-foot
high reinforced concrete chimney to the atmosrphere.

Alr pressure in the office and service areas of the bullding is maintained
at 0.0l-inch water gage, slightly above atmospheric. In the potentially
contaminated areas surrounding the reactor, slightly below atmospherie
Pressures are malintalined.
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The nominal over-all graphite stack dimensions for the B, C, D, DR, F and E
Reactors are: froat to rear - 28 feet, top to bottom - 36 feet, and side to
side = 36 feet. The stack is mede up of graphite blocks 4-3/16 inches square
by 48 inches long, nominal dimensions.

The graphite used is classed nuclear grade and is manufactured with special
care being taken to exclude impurities that have significant neutron-absorption
crogs=sections. Various purification techniques, derived from processes em=-
ployed in the production of spectrograrhic-arc carbons, have been introdused

to achieve purities of $9.99 percent carbon.

A1), commercially produced carbons are composed of a carbopacecus filler
material bonded by a carbonized binder. Nuclear grade graphite is prcduced
from a superior grade petroleum cokeand a coel-tar pitch. The final step

~in the manufacturing process requires heating-at temperatures above 2500°C

to achieve graphitization. The graphite blocks in the B, D, and F Reactors
were so processed. The graphite blocks used in the C, DR and H Reactors were
graphitized in a Freon furnace-atmosphere so that trace metals in the coke
and pltchwould form a fluorine salt, deccmpose at the high temperature and

be removed in the furnace exhaust gas. A graphite block of high nuclear
purity resulted.

The graphite is stacked in layers with the long dimensions of the tlocks
parallel within a layer and at right angles to the long dimension of the
blocks in the adjacent layers. Block joints in the graphlte layers are
staggered to provide for greater stability in the stack. This staggered
Joint pattern i1s obtained by substituting shorter graphlte blocks, for the
normal 48-inch blocks, at certain locations in the layers. The bottom
graphite layer rests on a carefully leveled surface made up of cast iron
blocks, which are used as a thermal shield. These, in turn, are laid in
grout on top of a massaive concrete foundation prepared for the reactor.
Alternate blocks in the fromt to rear layers are pierced for process tubes,
giving a total of 2004 tubes 1n each reactor. Process tubes are, therefore,
located in a square array, or lattace, with a spacing of 8-3/8 inches from
center to center of the tube channels.

The apriss -cross stacking arrangement of the graphite blocks results in the
stack being relatively stable against mechanical distortion. In addition,
the graphite blocks are further restricted from movement by keying systems
in both the horizontal and vertical direction in the stack, made from the
same graphite bhlocks. The horizontal keying system across the inlet and
outlet faces of the graphite stack 1s essentially similar for all of the
reactors, however the vertical keylng system has been changed with each
succeeding reactor design in an effort to reduce block shifting. The
various methods of keying are shown in Figures V-2, V-3, V-4 and V-5.

The design of the "tube" and "filler"” blocks has also changed with each
succeeding reactor design to overcome chanpel distortion in the stack.
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Reactors and forty-five in the C and H Reactors.

Horizontal Control Rod Channels

These penetrations are located on the left side of the stack when facing

the front face and estend through the process tube pattern in the stack.

There are anine horizontal rod channels in the B, D, DR and F Reactors and
fifteen in the C and H Reactors.

Experimental Test Holes

These penetrations are located in the right side of the reactor and are
similar to the horizontal control rod channels. Some of the channels
extend through the sbtack while others extend only into the core of the
stack. 5S1ix test holes were provided in the B, D and F, seven in the DR,
ten in the H, apd fourteen in the C Reactors. These test holes are shown
graphically in Figures XI-4, 5, 6, 7 and 8 and are described in Section XI.

Monitoring Penetrations

Instrument monitoring penetrations are located throughout the astack. The
locations are described in the reactor control instrumentation section of
this report. ¢

D. The primary objective In reactor shielding 1s to ensure to operating perscnnel

that exposure to radiation will not exceed long-term tolerance limits.

is aasured of this by a combined thermal and biological shield designed after
determination of the bulk attenuation characteristics were predicted on the
basis of iron-paraffin combinations and converted to iron-masonite full shield
thickness by FPermi and Zinn in 1943.

1.

Thermal Shield

Between the graphite atack and the outer bilologieal shield is a layer of
cast iron, designated as the thermal shield. The thickness of this
shield varies by its location. Its thickness is 8-1/8 inches on the top,
8 inches at the sides, 10 inches in the fromt and rear, and 10-1/4 inches
in the bottom. Approximately ninetye-seven per cent of the gamma energy
radiated from the gtack is absorbed in thls shield and converted into
heat in the cast iron. The thermal shield is built of blocks which overlap
each other at the edges sc that no crack passes straight through. This
feature contributes substantially to the effectiveness of the-'shield by
eliminating the possibility of thermal "hot spots” in the biological
shield or in the concrete base.

Cooling is provided for the tﬁp, bottom, and side shield by circulating
water tubes imbedded in the blocks. The front and rear thermal shields

Personnel
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1.

REACTOR INSTRUMENTATICN

General

There are three basic classifications of instrumentation within the reactor
tuilding.

The first can be deflined as Reactor Safety Circuit Instrumentation. Instru-
ments in this ¢lassification provide informetion on the status of the process
by visual readout devices and are connected directly into the reactor safety
cireuits for automatic shutdown if established limits are exceeded.

The second is Reactor Process Control Instrumentation. These instruments
provide information to operating personnel, as do those in the first class-
iflication, but do not have trip-out devices in the reactor safety circuits.

The third elassificatiocn is Non-Process and Bullding Environmental Instru-
mentation. These are instruments used in the contIoOL Of Operations oOTHeTr
than theose directly affecting the operation of the reactor. They are located
throughout the reactor building, in secondary functions such as monitoring
radiation levels.

The important instrument characteristics and the important interlock and
bypass conditions for safety circuits are tasbulated at the end of this
Section.

Reactor Safety Circuits and Sefety Circuit Instrumentation

There are three separate and complete safety circults in each reactor as
shown in Figure VII-L. Each circuit is designed to initiate the insertion
of a certain amount of negative reactivity into the reactor, either when
the reactor exceeds preset limits or when a failure occurs within the
elireuit itself.

The IX Safety Circuilt and Assoclated Instrumentation

The IX Safety Circuit is designed to scram the Vertical Safety Rods (VSR)
and through an interlock, the SN relay, the Horizontal Control Rods (HCR).
This 1s designated a Number One Scram. Only the negative reactivity of the
VSR's is counted upon for reactivity control for this safety system. The
safety circuits at the B, D, and F Reactors are 120-volt, AC elrcuits,
while the C, DR, and H Reactors have 125-volt, DC circuits. In most
arrangements, exceptions being noted in subsequent paragraphs, relays are
used in parallel, with contacts connected in series to provide high
reliability to trip on demand.

a. Manual Trip

A manual scram pushbutton 1s located on the reactor control console and
is readily accessible to the reactor operator.
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b. Grey splines are used to increasse flattiening efflciency. These splines
are only about 58 percent as effective as a regular spline and contain
only about six percent B,,,c.

¢. Half splines contaln about 15 percent BjC in the dowmstream 19 feet of
the spline. The remalnder of the spline contains no poiscn.

4. Flux monitoring splines are a special purpose spline, 0.040 inches thick,
which are Inserted in the reactor for about 15 minutes in order to

determine the flux distribution pattern from activation readings taken
during their withdrawal.

The splines are utilized in conventlonal, ribbed, aluminum process tubes
fitted with speclal inlet caps which allow for spline insertion and removal
during reactor operation. The spline inserter is menually operated.
Splines are removed with a spline coiler wihch i3 operated remctely from a
radiation shielded area. The spline coller removes splines at a maximum
speed of 300 inches per minute which amocunts 4o a chenge of 0.02 percent
Ak/k in 1.2 minutes and deposits the coiled, "hot" spline in a cask of
water or into the water filled C work platform pit.
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Gas Atmosphere

General

The purpose of the gas system is to provide an inert, non-radicactive
gas environment in the reactor toc remove moisture and forelgn zases
from the reactor; to serve as the heat transfer media between the
graphite and process tubes for the removal of heat from the graphite;
and to detect water leaks within the reactor.

The reactor atmosphere is & mixture of helium and carbon dioxide with
the composition varied and regulated to control graphite temperatures
and reactivity requirements durlng operation. The purity of the gas
mixture is also controlled to avoid detrimental effects of foreign
gases such as oxygen and water vapor.

The gas system consists of equipment and piping located in the 105, 110
and 115 Buildings and in shielded connecting tunnels. The storage
area, 110 Building, contains the high pressure and low pressure storage
facllities for helium and carbon dioxide. The 115 Building contains

the circulating gas blowers, silica gel dryers, filters, heat exchangers,
valves, instrumentation and piping. The gas distributlon manifolds,
sampling lines, purge lines, and gas analytical equipment are located

in the 105 Building. In the 100-H Reactor Flant there is no 115 Building
and the equirment is loecated in the gas wing of the 105 Building. The
volume of a closed loop reactor gas system is abaout 25,000 cubic feet.

Cnly the 100-B, D, P and H Reactor Plants have gas storage facilities,
(110 Buildingss. The C Reactor gas system is supplied by the B Reactor
storage faclilities, and the DR Reactor gas iz supplied by the D Reactor
storage faclilities. Figure V-6 1s a flow diagram of a single reactor
gas system and Flgure V-7 shows & flow diagram of a dusl reactor gas
systen.

The water leak detection system of the resctor gas systems consists

of 100 sampling tubes spaced evenly on the discharge face of the reactor
and lcecated in the gas plenum between the thermal and biclogical shields,
Water from a leak within the reactor flashes into steam and is removed
from within the resctor by the flowing gas stream. The location
of the leak is then determined by measuring the water vapor in the 100
gas sampling tubes. Drip legs are also provided in the low points in
the loop piping to remove liquid water which condenses from the gas
stream. The serlousness of a leak can be detemined by the rate at
which water is collected in the drip legs. This water plus the water
collected in the dryer beds followlng process tube leaks provides an
estimate of how much water entered the graphite stack.

Opveration of the Gas System

Carbon dioxide 1is received In liquid form end is transferred to liguid
high pressure gtorage at 325 psig. The low pressure storage tanks at
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100 psig supply make-up system, through a pressure reducing valve, to
the circulaticn system.

Helium is received by railroad tank cars at 1800-3600 psig, and is
unloaded through a pressure reducing valve which reduces the pressure
to 700 psig. The cascade method is used for uanlcading; that is the
storage tanks with the highest pressure are loaded first. When the
pressure in the railroad car tanks is reduced to the storage tank
pressure, & helium compressor 1s used to unload the remaining gas.
The helium is transferred from the high pressure tanks to the

50 - 100 opsig storage tanks. Through another pressure reduclng
valve the reactor gas circulation is supplied with make-up and purge
gas 8t 1 to 30 inches water gage pressure.

The circulation system is a closed loop as shown on Figures V-5 and
¥-7. The flow through the system varies from a minimum of 100 cfm
dry, 400 cfm wet, to a maximum of 1800 efm, the capacity of the
blowers. The gas pressure in the reactor is kept at the minimum
positive value which will assure circulation and avold Iln-leakage
of air. The average pressure is less than l-inch of water, and

at normal flows, the pressure at the rear face outlet is 0.0l-inch
of water.

The gas system is protected from excessive pressure, or suction, by
large liquid seal chambers connected to the recirculation lines. The
pressure seal tank is set to relieve at 30-inches of water. The gas
vented from this sesl passes into the underground ventilatlon tunnel
waich lesds to the exhaust stack. The liquid suction seal is set at
minus 10-inches of water to protect the system in case the make-up
valve fails to open.

The gas enters the reactor from a gas manifold beneath the unit through
risers to the gas space between the thermal and biological shields on
the front face. The gas flows through the reactor from front to rear
through spaces in the graphite. The gas leaves the reactor through
risers and a manifold similar to the inlet side. From the manifold-the
gas flows through a gas header in the gas tunnel to the 115 Building. A
blower forces the gas through a heat exchanger where 1t 1s cooled before
going through the silica gel dryer. After the dryer, the gas is filtered
through the Airmat-type filters to remove foreign particles and any
silica gel that 1s carried over. From the filter the gas flows to the
reactor inlet manifold,

Three dryers are provided for each gas system; two are normally in
service while the third dryer serves as a maintenance spare. In the
dual reactor areas, B and C and D and DR, the third dryer is shared
by the two gas systems. Of the two dryers in service, one dryer is
on drying service in the recirculation loop while the other is being
regenerated. During regeneration the blower forces gas through a
heat exchanger which heats the gas to remove the moisture from the
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BaIl 3X Backup Safety System has been Ilnatalled at each reactor. The system
requires no supplementary power supply and operates by gravity. The system
utilizes voth 3/8-inch and 7/16-inch diemeter nickle plated boron steel,
nickle plated carbon steel, and stainless steel balls which drop into the
vertical safety rod channels upon trlp of the Ball 3X cireuit.

B, D and P Reactors

The Ball 3X systems at these three reactors are identical as shown Iin
Figure VII-8. There are twenty-nine hoppers, each of which contains

925 pounds of mixed nickle plated boron steel and carbon steel balls,
all 3/8-inch diameter.

The system 1s tripped manually from the reactor control rocm, or auto=-
matically upon rapid loss of cooling water pressure. Details of the 3X
Safety Circult are given in Section VIII - Reactor Instrumentation.
Tripping of the 3X circult causes rapid discharge of the hopper contents
into connected VSR channels. The first balls reach the botitom of the
channel approximately two and one-half seconds after a trip signal is
initiated, and the channels are f£1lled within 16 seconds.

Ball removal 1s accomplished by use of a vacuum systém which, through the
use of long tubes, lifts the balls from the bottom of the individual
channels.

DR and H Reactors

The operation of the Ball 3X system in the DR and H Reactors is idenmtical
to the B, D and F Reactors as shown in Figure VII-8. However, slightly
larger vertlcal copenings were provided to further reduce the possibility
of obstructed channels. These channels have a cross=-gection lx--3/16 inches
square. The DR Reactor has twenty-nine ball hoppers and the H Reactor has
forty-five. The weight of a full hopper of balls at each reactor 1s

1200 pounds. At DR Reactor, there has been enough stack separation and
graphite breakage aso that some balls have been retained in the stack
structure after a spuriocus ball-drop.

C Reactor

The C Reactor has forty-five ball hoppers, each containing 1450 pounds of
balls. The vertical channel is 4«3/156 inches sgquare and is shown in

Figure VIL=9. Ball removal was simpllified at C Reactor by the installation
of valves on the face of the bottom blological shield. These valves are
connected to the channel in the graphite by a pipe running through the
bottom thermal and blologiceal shield. The pipe 1s curved to provide
shielding and the volume of balls in the hopper was increased to account
for the volume of the pipe. Filling a VSR channel with balls takes
slightly longer at C Reactor because of the time required to f£111 this pipe.
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VI. REACTCR COCLING

A. Resctor Islet Piping

1. General

The origirnal reactor lnlet process piping a8t the B, D, DR, ¥, and E Reactors
kas beer mcdified to provide for increased cocling water flow, higher pressures
ard improved hydraulice efflciency. Essentlally new piping systems were in-
stalled from the 105 Bullding Talve Pit to the front face crossheaders at the
E, D, LR, and F Reactors. At the H Reactor, the pipe replacement was not as
extensive &nd much cf the originel is still in use. At the C Reactor, nc

izlet cooling water piping changes were made.

The inlet piping of all reactorg from the valve pit to the crossheader tube
Tittings is designed for & minimum non-shock, cold water, workipg pressure

nf 600 psi. In addition, the piping systems from the 190 Building cooling

water pumps to the crossheaders were hydrostatically tested at 1-1/2 times

the working pressure, or 900 psi.

The basic design of the inlet water piping systems of all reactors are alike.
The pipe carries the water frem the 190 Building cooling water pumps to the
reechcr front face and distributes it to the individual process tubes. There
are, however, notable differences in the piping systems of the different
reacters in arrangement, size, material, and pressure ratings of the pipe
ani valves. Iecause of the 1mportance of the coollng water piping system to
safe reactor cperation, eack syctem is described separately. In addition,
the =ize, material, and pressure rating of each component in the reactor
ccoling water system, from the 107 Bullding Valve Fit to the inlet nozzles,
is noted for each reactor in Figures VI-1, VI-2, VI-3, and VI-k.

¥

2.5-.5"097 5 6

!

2. B, D, and F Reactors

Cooling wvater pipe from the common crossheader in the 105 Building Valve Pit

is divided into two 36-inch headers which run to the base of the reactor.
Venturd tubes, which measure the water flow rate, are located in this straight
ripe run. The high tasnk emergency water system ties into these headers dowm-
stream of the venturi itukea. The emergency aystem is igolated from the primary
ané secondary water systems by check valves.

At the base 0of the reactor, the water flow ls directed upward through base
ells to the 36-inch risers con both sides of the reactor face. The base ells
ere 3Heinch, 90-degree, mitered elbows which have structural bases for sup-
rorting the risers. The water is then distributed across the reactor front
face tkrough h-inch, Schedule L0, stainless steel crossheaders, which are
connected to the risers at both ends. The riser-crocssheader connection is
made ur of a S-inck, Schecdule 80, carbon steel, expansion loop; a 5-inch,
narbon steel, LOO# check walve; an insulating Plange a S5-inch, stainless
sueel, Y0C# strainer with an 8 x 8 mesh screen; 2 & x S5-inck stainlesa

sheel refuser; znd a beinch, steinless steel, 3CO# gate valve.
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OPERATING DIAGRAM )
Inner Outer
Rod Room Rod Room
) 30'-7 7/8" 544"
X BDF, DR, BDF,DR,H, C
H,GC 70! - 0"
g1l i/2 K
) K
Far G, Near
KEY
Dim:. Code B C D DR F H KE KW
A Rod Full-out Position [95'.5 578" |98'-4 11/16" g95'.5 5/g" 95'.5 5/8"  |112'-6 7/8"
B Rod Normal -out Position 93'-5 1/32" p5'-5 15/16* 93'-5 1/32v 93+-3 3/8" [108'-51/2" »
G | Rod Full-in Position 64'-7 132" 5123 15/167f , [64*-2 27/32" @0 l63r-3 38" | 74'-1 778" 'a‘
D Pile @ to Outer Rod Rm. 56t.0 1/8" 56¢ § 56'-0 1/8v E 56! 70'-0 1/2" : ]
E | Rod-Tip Full-out Position 20'-0 174" [20'-8 3/4" | » |20'-0 1/4" b Jzo'-8 374v |24'-7v ;
F Rod-Tip Normal-out Position 17'-1121/32'117¢-10% w |17'-9 21/32" W j17i-10v 20'-5 5/8" HH‘
G Rod-Tip Full-in Position 10'-10-11/32]" 14'-0" Li'-2 17/32% pz2'-2" 17"-11 3/8"
H Pile @ to Quiside of "B" Shield 23'-0 1/4" |23'-0 1/4" 23'-0 1/4n 23'-0 1/4" P AR A
Total Rod Length 75'-5 3/8" |17'-7 15/16" 75'-5 3/8" 75'-5 3/8" [92'.]1 1/4"

FIGURE VII-3

Horizontal Control Rods, Operating Diagram
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C. Miscellaneous Bystems

Three additicpal water systems, which are common tc all »f the reactcrs:
the single-~tube high~pressure water system; the solids feed system; ard
the hot water circulating system.

2 560377 3

i

9 2
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Single-Tube Figh-Fressure System

The single-tube high-pressure system is used for discharging poi=on column
control tubes during operation and for flush discharging single process
tubes. The system is made up of a l-1/2-or 2-inch, Scrhedule 40, riser
located on the side of the reactor front face, with valved outlets spaced
approximately every six feet. The front face work plaetform hes a 1-1/2-
or 2e-inch neader, with valved outlets spaced approximetely every five feet.
To supply water to & single tube, the platform is positioned, the riser

is connected to the header on the platform with a flexible hose, and in
turn, the header is connected to the tube with a flexible hose. The
system is supplied either by the reactor cocling water syztem or the high-
Preasure solids feed pump; depending upon the pressure desired.

Solids Feed System

The s0lids feed system injects a slurry of distomacescus eaxrtk into the
reactor cocling water to scour the corrosion film from the inner surfaces
of the piping, the process tube, and fuel elements in order to reduce
friction losses in the system. The diatomaceousz earth slurry make-up tanks
and the two high-pressure injection pumps, reted at 2C0 gpm at TOC psi,
are loeated in the 105 Building Valve Pit at the 2, D, DR, and F Reactors
and in the 19C Building at the C arnd H Reacters. Tke point of injection
iz in the cocling water headers in the valve pit in the 103 Zuilding.

The capacity of the aystem is approximetely 400 grm, permitting & solids
concentration 1A the reactor cooling water during a "purge" of frcm 23
to 50 prm.

Hot Water Clreulating System

A hot water circulating system is provided for drying ocut the graphite
moderator during & pericd of reactor shutdown when the stack contairns too
much water to permit drying during reactor operation. The zystem recir-
culates hot water (150 - 200 F) through the process tubes, tkereby
heating the graphite and causing the water to vaporize ani te removed with
the eirculstinpg gas atmosvhere system. The hot water is injected in the
front risers, circulated through the reastor, and returmed through the
circulating pumps. in the valve pit. The capacity of the system is 2000
grm at the B, D, DR, and F Reasctors and 1C0O0 gpm at tke C and E Reactors.

Beating for tke hobt water system i3 supplied from the 225 pzi szteanm
loop in 105 Zuilding.
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F Reactor )

The ¥ Reactor effluent system, shown in FPigure VI-16, comsists of one 60-inch
carbon steel pipe line from the downcomer to the intake of the 107-F Retentlon
Basin. From the outlet of the retention basin, the effluent system consists
of ome 60-inch by 1/2-inch thick wall, carbon steel pipe line which rumns to
the outfall structure. The outfall diacharge to the center of the river is
two h2-inch reinforced concrete pipe lines.
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In addition to the standard size aluminum and Zircalcy-2 tubes in the
reactors, there are sixty-cne Ziresloy-2 overbore type tubes installed
in the C Reactor. These tubes were installed under a develcrment program
1o demenstrate the technique of enlarging process tube channels to permlt
installing larger diameter process tubes for irradiating larger diameter
fuel elements. In this program, the standard size gunbarrel and the cast
iron domuts, except the donut av the immer surface of the biological
ghield, were remcved from the process chennelis. The single donut and the
thermal shield penetrstions were enlarged {cverbored) to fit larger gun-
barrels. The graphite channels were then enlarged 550 mils to permit
installation of 2.225-inch maximum O.D. Zircaloy-2 wubes with a LO mil
minimim wall thickrness. Of these_sixty-one enlarged channels, forty-
elght are grouped in a sguare bliock in tke central zone of the reacter.
This block of chamnnels is being used to experimentally determine the
performance and conversion ratio of the fuel and other physies data in
the higher uranium tc graphite ratio tube lattices resulting from the
overboring.

A

3. DNozzle Assembly

The standard inlet nozzle assembly for the B, D; DR, T, arnd H Reactors,
as shown on Fligure VI~-T, was installed during the modiflcation program
of 1956. The nozzle assembly is bolted directly to the gunbarrel flange
%o effect the water seal between the process tuke and nozzle. The end
of the nozzle has a removable car provided for charging fuel elements
into the process tube. Attached to the eap iz =zolid aluminum plug which
serves as ghielding against the gamme beams emarcating from the fuel ele-
ments in the process tube. The water comnecticn from the crossheader
to the nozzle 1s made through a flexible ccrnector srd flow monitor
assembly. These npozzles are aluminum castings which wers radiographed
and subjected to a 900 psi hydrestatic test after fabrication.

5 56037 7 7

A pozzle modification program, or the B, D, IR, ¥ and H Reactors will
allcw the use of 2 bumper fuel element. Grooves are broacked in either
3ide of the nozzle barrel to position the fusl eisment. Dye penetrant
and hydrostatic testing at 900 paig follows. If the nozzle cannct satisfy
these reguirements, a replacement nozzle made of 6061 T6 aluminum alloy
by an impacteextrusion process is substituted.

*

The stacdard inlet nozzle assembly of C Reactcr is showa on Figure VI-8.
This assembly is similar tc the B; D, DR; F, andi E Reactcr aszembly except
that the flow monitor is located in the nozzle and the ccnnector is
S/S-inch 0,D. helically formed Inconel tubing. Iye penetrant, radiograph
and hydrostatic tests were performed on these nozzles pricr te installation.

In addition %o standard inlet nozzles at C Reactor, there are three types

of overtore {large) nozzles installed on the cverbore tubes. Two of these,
the "clamp" and "flapper valve" nozzles, are shown in Figure VI-9. Xew
features of these +two nozzle assemblies are: 2 neorreine bellcws gas geal which
can be replaced without removing the gunbzrrel; = flow monitor with a
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through a 66-inch pipe line. ITmmediately downstreem of the 107-C west
basin, the flow is diverted back to the discharge line from the 107-B Basin.
The diversicn boxes at these locations are reinforced concrete boxes with
electric motor-operated sluice gates.

The censtruction of the B Reactor effluent pipe line 1s similar to that of
the C Reactor's effluent line. The pipe lengths are connected by Dresser
couplings with concrete anchors provided at each change in directicn in
the pipe line. Expension hoxes are also installed to accommodate thermal
fluctuations.

D and DR Reactors

The DR Reactor effluent piping at the bottom of the downcomers is made up
of two 60-inch by 1/2-inch thich wall, carbon steel pipe lines, shown
schematically in Figure VI-1l4. These lines run parallel to the 107-IR
concrete retention basin. Opposite the 105-D Bullding, the west IR
effluent line is cross-tied to the D Reactor 66-inch effluent line by a
60-inch by 1/2-inch thick wall, carbon steel pipe.

The desceription and cperation of the 107-D and DR Retention Basins is
similar to the 107-B Retension Basin. At the outlet of the basin the
effluent system consists of two 60-inch carbon steel lines, one from each
side of the basin. These lines are combined in a Jjunetion beox to form a
single 60-inch line which rums to the outfall structure. The outfall
discharge line is a é6-inch carbon steel line which continues to the center
of the river.

The D Reactor effluent system at the downcomer is a &6~-inch carbon steel
line which runs approximately halfway to the retention basin where the line
reduces to 60-inch carben steel pipe and continues to the intake of the 107-D
Retention Basin. At the outlet of the retention hasin, the effluent line is
a 60-inch carbom steel pipe which runs to the outfall structure. The dis-
charge lines from the ocutfall structure to the center of the river are two
ho-inch reinforced concrete pipes.

E Reactor

The H Reactor effluent system from the downcomers to the 107-E concrete
retention basin consists of two 60-inch carbon steel pipe lines, shown
schematleally in Figure VI-15. These lines tie into the retention basin
intake at the point where motor-cperated slulce gates route the water

to elther section of the basin., The H Reactor Retention Basin is larger
than the B, D, DR, and F Retention Basins, being approximately 600 feet
long by 270 feet wide and 15 feet deep. A pumping station located in a
separate structure can transport the effluent from the 107-H Retention
Basin to the esmergency crib.

At the outlet of the retention basin, the effluent system conslsts of

two 60-inch carbon steel pipe lines. These lines run to the outfall
structure where the discharge piping from the outfall to the center of the
river 1s two 60-inch carbon ateel lines.
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replacealle plug for changing the fiow range of the tube pressure moritor
without instaliing an entirely znev flow monitor; and a flapper valve; in-
stalled in the nozzle barrel, which closes to back flow i1f the nozzle
eap is insdvertently blown off during operation.

The strength of these overbore nozzles is conslderably in excess of that
of the more standard nozzles.

The distribution of water from the crosshemders to the individual tubes is
regulated by different size venturis or orifices in the inlet connector.

Flow in each process tube is monitored. Water pressure at the venturi
throat, or wvena contracta of an orifice, of each tube is connected tc a
bourdon tube pressure gage, Panellit gage, in the comtrol room, Figure
VI-1C. PFrior to reactor start-up the Panellit gages are individually
adjusted for the amount of flow variation allowable for the different
tubes. An over or underpressure, out of the acceptable range, activates
& safety circult relay to seram the reactor.

Water from the process tube flows through the nozzle and connector into
the rear crossheaders. A thermocouple is installed in each rear nozzle
to measure the outlet water temperature of each tube.

The outlet nozzle assembly 1s similar to the inlet nozzle but has not
been standardized for all reactors. There are original nozzles, replace-
ment nozzles, and modified inlet nozzles 1n service. Before instaliation,
each nozzle asgembly is hydrostatically tested at TOO psi.

Reactor Outlet Piping

The outlet cooling water piping arrangement on the rear face of the reactors
1s essentially a duplicate of the inlet piping arrangement. Water from the
process tubes flows from the rear nozzle, through the rear hydraulic connector
and inte the horizontal crossheaders. The crossheaders Join two vertical
risers, one on each side of the reactor face. On cne side the water flows
upward ln the riser and through a crossover line where 1t is joined by the
water from the other riser, the total flow is then dowmward into the cascade
type downcomer. ¥From the downcomer outlet the water flows, by gravity,
through the effluent system piping to retention basins, subseguently to be
discharged underwvater in the center of the river. The rear crossheaders

are L-inch, Schedule 40, stainless steel pipe with M-inch, 150#, gate valves
attached at each end. Nozzle connector fittingz on the crossheaders are
welded B/B-inch male stairnless steel tube fittings at the B, D, DR, F, and
H Reactors and l-inch fittings at the C Reactor. The crossheaders are
flanged to ke-inch, Schedule 40, stainless steel pipe expansion loops welded
to the riser walls.

The risers are 36-inch diameter pipes with 3/16-inch wall at the B, D, DR,
F, ard H Reactors and 1/L-inch wall at the C Reactor. The risers are

stainless zteel at the B, D, and F Reactors and carbon steel with a 20%
thick stainless steel cladding at the DR, H, and C Reactors. The risers
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tie into the crossover line which 1s located on the face of the reactor
above the process tube pattern and extends across the reachor face.

The crozaover line is of the same diameter and material as the risers.
The crossover line increases in size to a 42-inch dismeter pipe at the

"downcomer approach at the B, D, DR, F; and H Reactors and to Sk=-inches

at the C Reactor. The downcomer, located on the side of the reactor
face, iz a rectangular vessel encased in concrete, approximately
T2-inches by 120=-inches by 55-feet long with perforated trays spaced at
approximately six-foot intervals. The downcomer serves to dissipate
the energy of the falling effluent water by cascading over the trays.
The downcomer is vented tc remove the air and steam released from the
water which is vented into the building ventilation system for release
from the exhaust stack.

There 13 one downcomer at the B, D, and F Remactors and two at the DR, H,
and C Reactors. The piping systems with dual downcomers have motorized
gate valves in the crossover lines at the downcomer approach. All
reactors operate with one dovmcomer in service. Change over to another
dovncomer is made cnly when the reactor is shutdown.

There 1s another drain system in the outlet process piping system called
the crossunder line. This line is & 20=inch, Schedule 10, carbon steel
pipe line with a motorized gate valve, and is connected directly to the
bottom of a rear riser and discharges into the effluent system. At the
B, C, D, and B Reactors, the tie-in is to the near riser and the base of
the downccmer. At the DR Reactor, the tie-in is to the far riser and
dovnceomer. At the F Reactor, the crogsunder line ties into the near riser
and discharges into the 1608 Building sewer 1if+t statlon where the water
is pumped into the effluent system.

The function of the crossunder system is to remove the static water
pressure in the crossheaders during shutdown wken the reactor flow is
reduced. The crossheaders at the opposite riser are valved off and all
water flow is directed to the riser having the crossunder line. The
water is then discharged directly to the effluent system with no static
head in the risers. If it is desired to further reduce flow in a single
crossgheader or group of crosskeesders the particular front crossheaders
are valved off at the near riser and flow is reduced with the crossheader
valves at the far riser until a certain pressure differential between the
front and rear croassheaders on the near side is obtained.

The reactor outlet process piping is rated for a working pressure of 150
pei. Cyoclle thermal expansion in the system is relieved by expansion
Joints in the crossover line and downcomer approaches and by expansion
loops for the crossheaders. The crossheaders were initially Iinstalled
with approximeztely 1/8-inch cold spring which has helped to relleve the
thermal stresses in the system.

Figures VI-1] and VI-12 show typical reactor outlet piping arrangements
with one downcomer and two downcomers, respectively.
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+tie Into the crosscver line which is locasted on the face of the reactor
above the process tube patiern and extends across the reactor face.

The crossover line is of the same diameter and material as the risers.
The crossover line increases in size to a 42-inch diasmeter pipe at the
downcomer approach at the B, D, DR, F, and H Reactors and to 5Sh-inches
at the ¢ Reactor. The downcomer, located on the side of the reactor
face, 13 a rectangular vessel encased in concrete, approximately
72-1nches by l20=-inches by 55=-feet long with perforated itrays spaced at
approximately six-foot intervals. The downcomer serves to dissipate
the energy of the falling effluent water by cascading over the trays.
The downcomer is vented to remove the ailr and steam released from the
water which is vented into the bullding ventilation system for release
from the exhaust stack.

There is one downcomer at the B, D, and F Reactors and two at the DR, H,
and C Reactors. The piping systems with dual downcomers have motorized
gate wmlves in the crossover lines at the downcomer approach. All
reactors operate with one downcomer in service. Change over to another
downcomer 1s made only when the reactor is shutdown.

There is another drain system in the outlet process piping system called
the crossunder line. This line is a 20-inch, Schedule 10, carbon steesl
pipe line with a motorized gate valve, and is connected directly to the
bottom of a rear riser and discharges inte the effluent system. At the
B, C, D, and E Reactors, the tie-in is to the mpear riser and the base of
the downcomer. At the DR Reactor, the tle~in is to the far riser and
downcomer. At the F Reactor, the crossunder line ties into the near riser
and discharges into the 1608 Building sewer 1lift statlion where the water
1s pumped into the effluent system.

The function of the crossunder system 1s to remove the static water
pressure in the crossheaders during shutdowr when the reactor flow is
reduced. The crossheaders at the opposite riser are valved of? and all
water flow is directed to the rilser having the crossunder line. The
water 1s then discharged directly to the effluent system with no statle
bead in the risers. If 1t is desired to further reduce flow in a single
crossheader or group of crossheaders the particular front crossheaders
are valved off at the near riser and flow i3 reduced with the crossheader
valves at the far riser until a certain pressure diffferential between the
front and rear crossheaders on the near side is cbtained.

The reactor outlet process piping is rated for a working pressure of 150
psi. Cyclic tkermal expansion in the system is relieved by expansion
Joints in the crossover line and downcomer approaches and by expansion
loops for the crosshesders. The crossheaders were initially installed
with approximately 1/8-inch cold spring which has helped to relieve the
thermal stresses in the system.

Figureg VI-11 and VI-12 show typleal reasctor outlet piping arrangements
with one downecomer and two downcomers, respectively.
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replacealle plug for changing the flow range of the tube pressure monitor
without installing an entirely nzev flow monitor; and a flapper valve, ine
gtalled in the nozzle barrel, which closes to back flow 1f the nozzle
eap 1s inadvertertly blown off during operation.

The strength of these overbore nozzles is considerably in excess of that
of the more standard nozzles.

The distribution of water from the crossheaders 4o the individval tubes is
regulated by different size venturils or orifiges in the inlet connector.

Flow in eack process tube is monitored. Water pressure at the venturi
throat, or vena contracta of an orifice, of each tube is connected tc a
bourdon tube pressure gage, Panellit gage, in the control room, Figure
VI-10. Prior to reactor start-up the Panellit gages are individually
adjusted for the amount of flow variation allowable for the different

= tubes. An over or underpressure, out of the acceptable range, activates

- a safety circult relay to scram the reactor.

N~ Water from the process tube flows through the nozzle and comnector into
the rear crossheaders. A thermoeouple is installed in each rear nozzle

L to measure the outlet water temperature of each tube.

< The outlet nozzle assembly 1s similar to the inlet nozzle but has nct

o been standardized for all reactors. There are original nozzles, replace-
ment nozzles, and modifled inlet nozzles in service. 3Before installation,

. pu each nozzle assembly is hydrositatically tested at 70O psi.

™ E. Reasctor Outlet Piping

!

The outlet cooling water piping arrangement on the rear face of the reactors
is essentlally a duplicate of the inlet piping arrangement. Water from the
process tubes flows from the rear nozzle, through the rear hydraulic connector
and into the horizontal crossheaders. The crossheaders join two vertical
risers, cne on each gside of the reactor face. On cne side the water flows
upward in the riser and through a crossover line where it is joined by the
water from the other riser, the total flow is then downward into the cascade
type downcomer. From the downcomer outlet the water flows, by gravity,
through the effluent system piping to retention basinsg, subseguently to be
discharged underwater in the center of the river. The rear crossheaders

are b-inch, Schedule 40, stainless steel pipe with h-inch, 150#, gate valves
attached at each end. Nozzle connector fittings on the crossheaders are
welded 5/8-inch male stainless steel tube fittings at the B, D, DR, F, and
H Reactors and l-inch fittings at the C Reactor. The crosshesders are
flanged to keinch, Schedule 40, stainless steel pipe expansion loops welded
to the riser walls.

2

The risers are 36~inch diameter pipes with 3/16-inch wall at the B, D, IR,
F, and H Reactors and 1/k-inch wall at the ( Reactor. The risers are
stainless zteel at the B, D, and F Reactors and carbon steel with a 20%
thick stalnless zteel c¢ladding at the DR, H, and C Reactors. The risers
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through a 66=-inch pipe line. Immediately downgtresm of the 107-C west
basin, the flow is diverted back to the discharge line from the 107-B Basin.
The diversion boxes at these locations are reinforced conerete boxes with
electric motor-operated slulce gates.

The censtruction of the B Reactor effluent pibe line 1Is similar to that of
the C Reactor's effluent line. The pipe lengths are connected by Dresser
couplings with concrete anchors provided at each change in directicn in
the pipe line. Expansion boxes are also installed to accommodate thermal
fluctuatlons.

D and DR Reactors

The IR Reactor effluent piping at the bottom of the downcomers is made up
of two 60-inch by 1/2-inch thich wall, carbon steel pipe lines, shown
schematically in Figure VI-14. These lines run parallel to the 107-DR
concrete retention basin. Opposite the 105-D Building, the west IR
effluent line 1s cross-tied to the D Reactor &6-inch effluent line by a
60-inch by 1/2-inch thick wall, carbon steel pipe.

The deseription and operstion of the 107-D and DR Retentlion Basins is
similar to the 107-B Retension Basin. At the outlet of the basin the
effluent system consists of two §0-inch carbon steel lines, one from each
side of the basin. These lines are combined in a Junction box to form a
gingle 60-inch line which runs to the outfall structure. The outfall
discharge line i1s a 66-inch carbon steel line which continues to the center
of the river.

The D Reactor effluent system at the downcomer 1s a 66-inch carbon steel

line which runs approximately halfway to the retention basin where the line
reduces to 60-inch carbon steel pipe and continues to the intake of the 107-D
Retention Basin. At the outlet of the retention basin, the effluent line is
a 60-inch carbon steel pipe which rums to the ocutfall structure. The dis-
charge lines from the outfall structure to the center of the river are two
ka-inch reinforced concrete pipes.

H Reactor

The H Reactor effluent system from the downcomers to the 107-H concrete
retention basin consists of two 60-inch carbon steel pipe lines, shown
schemptically in Figure VI-15. These lines tie into the retenticn basin
intake at the polnt where motor~operated slulce gates route the water

to either section of the basin. The H Reactor Retention Basin is larger
than the B, D, DR, and F Retention Basins, being approximately 600 feet
long by 270 feet wide and 15 feet deep. A pumping station located in a
separate structure cen transport the effluent from the 107-H Retention
Basin to the emergency erib.

At the outlet of the retention basin, the effluent system consists of
two 60-inch carbon steel pipe lines. These lines run to the outfall
structure where the discharge piping from the outfall to the center of the
river is two 60-inch carbon ateel lines.
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In addition to the standard size aluminum and Zircalcy-2 tubes in the
reactors, there are sixtyecne Zircaloy-2 overbore type tubes lnstalled

in the C Resctor. These tubes were installed under a development program
to demonstrate the technigue of enlarging orccess tube channels to permilts
installing larger diameter process tubes for irradiating lerger diameter
fuel elements. In this program, the standard size gunbarrel and the cast
iron donuts, except the donut at the inner surface of the biloclogical
ghield, were remcved from the process channels. The aingle donut and the
thermal shield penetrations were enlarged {overbored) to f£it larger gun-
barrels. The graphite chanpels were then enlarged 550 mils to permit
installation of 2.225-inch maximum 0.D. Zirealoy-2 zubes with a L0 mil
minimm wall thickpess. Of these sixty-one enlarged ckanpels, forty-

elght are grouped in a square block in tke c¢entral zone of the reacter.

This block of channels 1s being used to experimentally determine the
performance and zonversion ratvioc of the fuel snd other physics data in
the higher uranium tc graphite ratio tube lattices resulting from the
overboring.

Nozzle Assembly

The standard inlet nozzle sssembly for the B, Dy DR, T, and H Reactors,
as shown on Figure VI-T, was installed during the modification program
of 1956. The nozzle assembly is bolted directly %o the gunbarrel f{lange
to effect the water seal between the zrocess tuke and nozzle, The end
of the nozzle hag a removable cap vrovided for charging fuel elements
intc the process tube. Attached 4o the car is zo0lid aluminum plug which
serves as chielding agalnst the gamma beams emarating from the fuel ele-
ments in the process tube. The water comnecticn from the crossheader
to the nozzle is made through a flexible comnector and £low monitor
aasembly. These rozzles are aluminum castings which wers radlographed
and subjected to a 900 _psi hydrcstatic test aifter fabrication.

A nozzle modification program, or the By, D, PR, ¥ and H Reactors will
allcw the use of a bumper fuel element. Grooves are broacted 1n eithexr
side of the mozzle barrel to position the fu=sl elsment. DIye penetrant

and hydrostatic testing at 900 zalg follows. If the nozzle cannct 2atisfy
these requirements, a replacement nozzle mede of 60681 T6 aluminum alloy
by an impacte~extrusion process is substituted.

The standard inlet nozzle assembly of C Reacter is shown on Figure VI-8.
Thiz assembly is similar to the B, D, [R; F, and E Reactcr aszembly except
that the flow moniltor 1s loceted in the nozzle and the ccnrecktor L

5/8-inch 0.D. helically formed Inconel tublrg., Iye renetraznt, radiograph
and hydrostatic tests were performed on these nozzles pricr to installetion.

In addition %o standard inlet nozzles at C Reactor, there are ithree types

of overtore (large) nozzles installed on the overbore tubezs. Two of these,
the "clamp” and "flapper valve" nozzles, are shown in Figure VI-9., New
features of these two nozzle azsemblies are:!: 2 necrreas bellcws gas seal vwhich
can be replaced without removing the gunbarrel; a f£low moni*cr with a
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F Reactor

The F Reactor effluent system, shown in Figure VI-16, consists of one 60-inch
carbon steel pipe line from the downcomer to the intake of the 107-F Retention
Basin. From the outlet of the retention basin, the effluent system consists
of one 60~inch by 1/2-inch thick wall, carbon steel pipe line which runs to

the outfall structure. The outfall discharge to the center of the river is
two 42-inch reinforced concrete pipe lines.
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Miscellaneous Systems

Three addqiticnal water systems, which are common tc all of the reactors:
the single-tube high-pressure water system; the solids feed system; anrda
the hot water circuwlating system.

Single-Tube Eigp-Pressure_§ystem

The single-tube high-pressure system is used for discharging poiszon column
control tubes during operation and for flush discharging single process
tubes. The system i1s made up of a 1-1/2-or 2-inch, Sckedule 40, riser
located on the side of the reactor front face, with valved outlets spaced
approximately every six feet. The froant face work rlatform hed a 1-1/2-
or 2-inch neader, with valved ocutlets spaced approximately every five feet.
To supply water to & single tube, the platform is Positioned, the riser

is connected to the header on the platform with a flexible hose, axd in
turn, the header is sonnected to the tube with a 2lexible hose. Tke
system 1s supplied either by the reactor cooling water system or the high-
pressure solids feed pump, derending upon the pressure desired.

Solids Feed System

The sollds feed system injects a slurry of diatomacecus eaxrtn into the
reactor cocling water to scour the corrosion £ilm from the inner surfaces
of the plping, the process tube, and fuel elemerts in order to reduce
friction losses in *the system. The diatomaceous earth zlurry meke-up tanks
and the two highepressure injection pumps, rated 2t 2C0 gpm at 70C Psi,
are located in the 105 Building Valve Pit at the B, D, DR, and F Reactors
and in the 190 Building at the C and E Reactcors. The point of injection
is 1n the coocling water headers in the valve pit ir the 103 Zuilding.

The capacliiy cf the system is approximately %00 grm, permitting & solids
conceniration in the reactor cooling water during a "purge" of frcm 25
to 50 ppm.

Hot Water Circulating Systenm

A hot water eirculating system is provided for drying out the graphite
moderator during a period of reactor shutdown when the stack ccutzirs too
much water to permit drying during reactor operation. Tre zystem recir=-
culates hot water (150 - 200 F) through the process tubes, thereby
heating the gravhite and causing the water to vaporize sns ke removed with
the circulating gas atmoaphere aystem. The het weter is injected in the
front risers, circulated through the reactor, and returned througn the
circulating pumps. in the valve pit. The capacity of the sy=tem is 2000
gpm at the B, D, IR, ard F Reectors and 1000 gpm at tke ¢ and E Reasctors.

EBeating Por the hobt water system is supplied féom the 225 psi stzam
loop iz 105 Building.
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BDF, DR, / BDF,DR,H,C [/
! H,C % 700 - o% Z
391-11 uz/ K /
L = * ¢ Z
- & g
Far G, Near
KEY
Dim, Code B c D DR F H KE KW
A | Rod Full-out Position 95'-5 5/8" [98'-4 11/16" 95'.5 5/8" 95'-5 5/8" |i12'-6 7/8"
B | Rod Normal-out Position 93'-5 1/32" §5'-5 15/16" [p3'-5 1732 93'-3 3/8"  [108*-5 1/ |
G | Rod Full-in Position 64'-7 1/32" B5'-3 15/16"| o, [64'-2 27/32"| & 63'-3 3/8v [74'-17/8" | ¥
g i
D | Pile Q. to Outer Rod Rm. 56'-0 1/8" 56 g [s6'-0 18" [ 2 56 r0'-0 172 | °
; n n
E_| Rod-Tip Full-out Position 20'-0 1/4" |20'-8 3/4" | » |20'-01/4" | & |20'-8 3/4" [24'-7% ;_
F | Rod-Tip Normal-out Position  J17'-1121/32'1 17'-10" w [17'-9 21327 P |17-10" 20'-5 5/8" { t1 |
G | Rod-Tip Full-in Position 10'-10-11/32" 14'-0" iz 177320 12'-2" 17"-11 3/8"
H | Pile @ to Outside of "B" Shield {23'-0 1/4" [23'.0 1/4" 23'-0 1/4" 23to0 /4 | 271
Total Rod Length 75'-5 3/8" [77'-7 16/16" 75'-5 3/8" 75'-5 3/8" pa'-1 174"

FIGURE VII-3

Horizontal Control Rods, Operating Diagram
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l.

Reactor Ixntet Piping

ereral

The origiznal reactor inlet process piping at the 2, D, DR, ¥, and H Reactors
bas beer medified to provide for increased cocling water flow, higher Pressures,
erd improved kydraulic efficiency. ERssentially new piping systems were in-
stalled from the 105 Bullding Talve Pit to the frent face crossheaders at the
E, D, LR, ani F Reactors. At the I Reactor, the pipe replacement was not as
extensive and much cf the original is still in use. At the C Reactor, nc

irlet cooling water piping changes were made.

The inlet piping of all reactors from the valve pit to the crossheader tube
Tittings is designed for a minimum non-shock, cold weter, working pressure

of 500 psi. In addition, tke piping systems from the 190 Building cooling

water pumps to the crossheaders were hydrostatically tested at 1-1/2 times

the working rresssure, or 900 psi.

The bazic design of the inlet water piping systems of all resctors are alike.
The pipe carries the water from the 190 Building cooling water pumps to the
reacter front face and distributes it to the individual process tubes., There
are, however, notable differences in the piping systems of the different
reactors in arrangement, size, material, and pressure ratings of the pipe
and valves. Because cf the importance of the ccoling water piping system to
sele reactor operation, eack system i3 described separately. In addition,
the gize, meterial, and pressurs zating of each component in the reactor
ecoling water system, from the 105 Buillding Valve Pit to the inlet nozzles,
1s noted for each reector in Figures VI-l, VI-2, VI-3, and VI-k.

B, D, and F Reactors

Cooling water pipe from the common crossheader in the 1C5 Building Valve Pit

is divided into two 36-inch headers which run to the base of the reactor.
Venturi tubes, which measure the water flow rate, are located in this straight
ripe run. The high tapk emergency water system ties irto these headers down-
stream of the venturl tubes. The emergency system is isolated from the Primary
ard gecondary water systems by check valves.

At the base of the reactor, the water flow is directed upward through base
ells to the 36-inch risers on both sides of the reactor face. The base ells
egre 2W-inch, 9-degree, mitered elbows which have structural bases for sup-
porting the rizers. The water is then distributed across the reasctor front
face through b-inch, Schedule 40, stainless steel crossheaders, which are
connected to the risers at both ends. The riser-crcssheader connection is
made up of a S-inck, Schedule 80, carbon steel, expansion loop; a 5-inch,
carbon steel, LOC# check valve; an insulating flange, a 5-inch, stainless
smeel, Y“0C# strairer with an 8 x 8 mesh sereen; = L x S-inch stainlessz

steel reduzer; and & hY-inch, sisinless steel, 200# gate valve.
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Ball 3X Backup Safety System has been installed at each reactor. The system
requires no supplementary povwer supply and operates by gravity. The system
utilizes both 3/8~inch and 7/16-inch diameter nickle plated boron steel,
nickle plated carbon steel, and stainless steel balls which drop into the
vertical safety rod chammels upon trip of the Ball 3¥ circuit.

B, D and F Reactors

The Ball 3X systems at these three reactors are identicsl as shown in
Figure VII-8. There are twenty-nine hoppers s each of which contains
925 pounds of mixed nickie plated boron steel and carbon steel balls 3
all 3/8-inch diameter.

The system is tripped manuaslly from the reactor control room, or auto-
matically upon rapid loss of cooling water pressure. Details of the 3X
Safety Circult are given in Section VIIT - Remctor Instrumentation.
Tripping of the 3X circuit causes rapid discharge of the hopper contents
into connected VSR channels. The first balls reach the bottom of the
channel approximately two and one-half seconds after a trip signal is
initiated, and the channels are filled within 16 seconds.

Ball removal 1s accomplished by use of a vacuum systém which, through the
use of long tubes, 1lifts the balls from the bottom of the individual
channels. -

DR and H -Reactors

The operatlon of the Ball 3X system in the DR and H Reactors is identical
to the B, D and F Reactors as shown in Figure VII-8. However, slightly
larger vertlcal openings were provided to further reduce the possibility
of obstructed channels. These channels have a cross-section 4-3/16 inches
8quare. The DR Reactor has twenty-nine hall hoppers and tke E Reactor has
forty-five. The weight of a full hopper of balls at each reactor is

1200 pourds. At IR Reactor, there has been enough stack separation and
graphite breakage so that some balls have been retained in the stack
structure after a spurious hall-drop.

C Reactor

The C Reactor has forty-five ball hoppers, each containing 1450 pounds of
balls. The vertical channel is ll--3/l6 inches square and is shown in

Pigure VII-9. Ball removal was simplifisd at C Reactor by the installation
of valves on the face of the bottom biologleal shield. These valves are
commnected to the channel in the graphite by a pipe running through the
bottom thermal and blologleal shield. The pipe is curved to provide
shielding and the volume of balls in the hopper was increased to account
for the volume of the pipe. Filiing a VSR channel with balls takes
8lightly longer at C Reactor because of the time required to £ill this pipe.
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100 psig supply make-up system, through a pressure reducing valve, to
the circulation system.

Helium is received by railroad tank cars at 1800-3600 psig, and is
unloaded through a pressure reducing valve which reduces the pressure
to 700 pslg. The cascade method is used for unloading; that is the
storage tanks with the highest pressure are loaded first. When the
prassure in the rallrcad car tanks 1s reduced to the storage tank
pressure, a helium compressor i1s used to unload the remaining gas.
The helium is transferred from the high pressure tanks to the

5 - 100 psig storage tanks. Through another pressure reducing
valve the reactor gas circulation is supplied with meke-up and purge
gas at 1 to 30 inches water gage pressure.

The cireulation system is a closed loop as shown on Figures V-5 and
V-7. The flow through the system varies from 2 minimum of 100 cfm
dry, 400 cfm wet, to a maximum of 1800 cfm, the capacity of the
blowers. The gas pressure in the reactor is kept at the minimum
positive value which will assure circulation and avold in-leakage
of air. The average pressure is less than l-inch of water, and

at normal flows, the pressure at the rear face outlet is 0.0l-inch
of water.

S

The gas system is protected from excessive pressure, or suction, by
large liquid seal chambers connected to the recirculation lines. The
pressure seal tank is set to relieve at 30-inches of water. The gas
vented from this seal passes into the underground ventilation tunnel
which lesds to the exhaust stack. The liguid suction seal is set at
minus 1l0-inches of water to protect the system in case the make-up
valve fails to open.

The gas enters the reactor from a gas manifold beneath the unit through
risers to the gas space between the thermal and biological shields on
the front face. The gas flows through the reactor from front io rear
through spaces in the graphite. The gas leaves the reactor through
risers and a manifold similar to the inlet side. From the manifold-the
gas flows through a gas header in the gas tunnel to the 115 Building. A
blower forces the gas through a heat exchanger where it 1s cooled before
going through the silica gel dryer. After the dryer, the gas is filtered
through the Airmat-type filters to remove foreign particles and any
silica gel that is carried over. From the filter the gas flows to the
reactor inlet manifold,

9212350038

Three dryers are provided for each gas system; two are normally in
service while the third dryer serves as a malntenance spare. In the
dual reactor areas, B and C and D and DR, the third dryer is shared
by the two gas systems. Of the two dryers in service, cne dryer is
on drying service in the recirculation locop while the other is being
regenerated. During regeneration the blower forces gas through a
heat exchanger which heats the gas to remove the molsture from the
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1.

General

The purpose of the gas system is to provide an inert, non-radicactive
gas environment in the reactor to remove moisture and foreign gases
from the reactor; to serve as the heat transfer media between the
graphite and process tubes for the removal of heat from the graphite;
and to detect water leaks within the reactor.

The reactor atmosphere is a mixture of helium and carbon dioxide with
the composition varied and regulated to control graphite temperatures
and reactivity requirements during operation. The purity of the gas
mixture is also controlled to avoild detrimental effects of foreign
gases such as oxygen and water vapor.

The gas system consists of equipment and piping located in the 105, 110
and 115 Buildings and in shielded connecting tumnels. The storage
area, 110 Building, contains the high pressure and low pressure storage
facilities for helium and carbon dioxide. The 115 Bullding contains

the circulating gas blowers, silica gel dryers, filters, heat exchangers,
valves, instrumentation and piping. The gas distribution manifelds,
sampling lines, purge lines, and gas analytical equipment are located

in the 105 Building. In the 100-H Resctor Plant there is no 115 Building
and the equipment is located in the gas wing of the 105 Building. The
volume of a closed loop resctor gas system is about 25,000 cubic feet.

Only the 100-B, D, F and H Reactor Plants have gas storage facilitiles,
{110 Buildingss. The C Reactor gas system is supplied by the B Reactor
storage facilities, and the DR Reactor gas is supplied by the D Reactor
storage facilities. Figure V-6 is a flow diagram of a single reactor
gas system and Flgure V-7 shows a flow diagram of a dual reactor gas
sygtem.

The water leak detectlon system of the reactor gas systems consists

of 100 sampling tubes spaced evenly on the discharge face of the reactor
and located in the gas plemum between the thermal and biological shields,
Water from a leak within the reactor flashes into steam and is removed
from within the reactor by the flowinZ gas stream. The location
of the leak is then determined by measuring the water vapor in the 100
gas sampling tubes. Drip legs are also provided in the low points in
the loop piping to remove liquid water which condenses from the gas
stream. The geriousness of a leak can be detemmined by the rate at
which water is collected in the drip legs. This water plus the water
collected in the dryer beds following process tube leaks provides an
estimate of how much water entered the graphite stack.

Operation of the Gas System

Carbon dioxide 15 received in liquid form and is transferred to liguid
high pressure storage a2t 325 psig. The low pressure storage tanks at

P L
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o b. Grey splines are used to increase flattening efficiency. These splines
o are only about 58 percent as effective as a regular spline and contain

only about six percent th.

¢. Half splines contain about 15 perceat ByC in the downstream 19 feet of
the spline. The remalnder of the spline contalns no polison.

d. Flux monitoring splines are a special purpose spline, 0.04O inches thick,
which are inserted in the reactor for about 15 minutes in order to
determine the flux distribution pattern from activation readings taken
during their withdrawal.

The splines are utilized in conveantional, ribbed, aluminum process tubes
fitted with special inlet caps which allow for spline insertion and removal
during reactor operation. The spline inserter 1s manuslly operated.
Splines are removed with & spline coller wiheh is operated remotely from a
radiation shielded area. The spline coller removes splines at & maXimum
speed of 300 inches per minute which amounts te & change of 0.02 percent
Ak/k in 1.2 minutes and deposits the colled, "hot" spline in a cask of
water or into the water fllied C work platform pit.
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Reactors and forty-five in the C and H Reactors.

Horizontal Control Rod Channels

These penetrations are located on the lef't side of the stack when facing

the front face apnd estend through the process tube patterm in the stack.
There are nine horizontal rod channels in the B, D, DR and F Reactors and
fiftaen in the ¢ and E Reactors.

Experimental Test Holes

These penetrations are located In the right slde of the reactor and are
gimilar to the horizontal conirol rod channels. Some of the channels
extend through the stack while others extend only into the core of the
stack. Six test holes were provided in the B, D and F, seven in the IR,
ten in the H, and fourteen in the C Reactors. Thease test holes are shown
graphically in Figures XI-4%, 5, 6, 7 and 8 and are described in Section XI.

Monitoring Penetrations

Inatrument monitoring pemetrations are located throughout the stack. The

locations are described in the resctor control instrumentaticn section of
this report.

-
7

D. The primary objective in reactor shielding 1ls %o ensure to operating personnel

that exposure to radlation will not exceed long-term tolerance limits.

iz assured of this by a combined thermal and bilologlczsl shield designed after
determination of the bulk attenuation characteristics were predicted on the

basis of iron-paraffin combinations and converted to ircon-masonite full shield
thickness by Ferml and Zinn in 1943.

l‘

Thermal Shield

Between the graphlte stack and the outer blological shield is a layer of
cast iron, designated as the thermal shield. The thickness of this
shield varies by its location. Its thickness is 8-1/8 inches on the top,
8 inches at the sides, 10 inches in the front and rear, and 10-1/4k inches
in the bottom. Approximately ninety-seven per cent of the gamma energy
radiated from the stack is absorbed in thia shield and coaverted into
heat in the cast iron. The thermal shield is built of blocks which overlap
each other at the edges so that no crack passes straight through. This
feature contributes substantially to the effectiveness of the rshield by
eliminating the possibility of thermal "hot spota” in the biological
shield or in the concrete base.

Cooling is provided for the top, bottom, and side shield by circulating
water tubes imbedded In the blocks. The front and rear thermal shields

Personnel
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VIII.

A.

REACTOR INSTRUMENTATION

General

There are three basic classifications of instrumentation within the reactor
tullding.

The first can be defined ss Reactor Safety Circult Instrumentation. Instzu-
ments in this classification provide information on the status of the process
by visual readout devices and are comnected directly into the reactor safety
circuits for automatic shutdown 1f established limits are exceeded.

The second is Reactor Process Control Instrumentation. These instruments
provide information to operating persomnel, as do those in the first class-
ification, but do not have trip-out deviees in the reactor safety cireuiss.

The third classification is Non-Process and Building Environmental Instru-
mentation. These are instruments used in the control of operations other
than those directly affecting the operation of the reactor. They are located

throughout the reactor bullding, in secondary functions such 2s-monitoring
radlation levels. .

The important instrument characteristics and the important interlock and
bypass conditions for safety circuits are tabulated at the end of this
Section.

Reactor Safety Circuits and Safety Cirecuit Instrumentation

There are three separate and complete safety circults in each reactor as
shown in Figure VII-1. Each circuit is designed to initiate the insertion
of a certain amount of negative reactivity into the reactor, elther when
the reactor exceeds preset limits or when a failure occurs within the
cireult itself.

The IX Safety Circult and Associated Instrumentation

The IX Safety Circuit is designed to scram the Vertical Safety Rods (VSR)
and through an interlock, the SN relay, the Horizontal Control Rods (HCR).
This is designated a Number One Scram. Only the negative reasctivity of the
VSR's is counted upon for reactivity control for this safety system. The
safety circuits at the B, D, and F Reactors are 120-volt, AC circuits,
while the C, DR, and H Remctors have 125.volt, DC circuits. In most
arrangements, exceptions being noted in subsequent paragraphs, relays are
used in parallel, with contacts connected in series to provide high
reliability to trip on demend.

a. Menual Trip

A menual scram pushbutton is loeated on the reactor control console and
is readily accessible to the reactor operator. .
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C.

Pressure Monitor

The Pressure Monitor System, sometimes referred by the gauge manufac-
turer's name, Panellit, measures coolant flow continuity in each
individual process tube. There are 2004 tubes per reactor. A venturi,
or a single or dual orifice, is located at the inlet of each tube, end,
from it a single hydrualic sensing line extends to the reactor control

" room and the pressure monitor gauge. Each gauge consists of 2 coiled’

Bourdon tube which rotates a dial through mechanical linkages. The
pressure trip points, high and low, are set by positioning two magnets
which are mounted on the dlal and which operate an electric switch as
they pass & metal "flag". This "flag" is attracted to the magnet, thus
opening the switch contact. The individual contacts are summed into
rowa by single row relays which in twrn trip the main system relays
(PSR and PSRA).

Modifications are underway to chenge the present gauge switches from
single-pole - double-throw (SFDP) to double-pole - single-throw (DPST)
o permit a dual path tripping of the safety circuit. The nunber of
relays will be reduced to six per circuit path for a total of twalve
relays. Figure VIII-2, Coolant Pressure Monitor Circult, shows the
new system. This modification will provide individual gauge trip
jdentification while present trip identification 1s by row only.

Neutron Flux Monitor

The Neutron Flux Monitor System, commonly referred to by the manufac-
turer's name, Beckman, i3 composed of fourpico-ammeters, ion chambers,
and controllers for setting trip points. The four ion chambers are
located in instrument risers beneath the reactor end are positioned
for equilibrium power level calibration. The effective range of
operation is the top four decades of the eleven decade range of neutron
flux, from shutdown to equilibrium. Both high and low level trips are
provided in the safety circult. The coincidence of any two Beckmans

in the tripped position will scram the reactor. Interlocks are provided
so that bypassing more than one Beckman, or bypassing one and a trip on
eny of the other three Beckmans, will scram the reactor. The BX and
BXA relays are time-delayed three to seven cycles, 60 cps reference, to
permlt amplifier recovery from short BPA power surges.

A "Beckman-Penellit" interlock is provided to automatically arm the
Pressure Monitor when the reactor power level 1s above two megawatts.
This circuit uses static switching devices in a one-ocut-of-four
Beckman tripping circuit.

Seismoscope

Bach reactor is equipped with three seismoscopes. Two are connected
to the Number One safety circult, and both must trip to produce a scram.
- .
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Coolant Pressure Monitor Circuit
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They are set to trip and annunciate on a Modifled Mercalli scale of 5.
The third seismoscope 1s set at MM2 and is used as an information device
with ammunciator only. A modification program is underway to set it at

MM5 and require a signal from two out of the three seismoscopes to trip
the Number One Safety Circudt.

Power Failure

Detection of pump power failure trips the reactor safety circuilt through
the motor protection relays in the 190 Buildings. The FF and FFA relays
are time-delayed seventeen cycles to allow overriding short BPA power
surges.

VSR/HCR Interlock

The VSR/HCR interlock prevents the removing of HCR's from the in-core
position before the VSR's are withdrawn; also, 1f the VSR limit switches
are bypassed, a Number One Scram is initiated.

Zone Temperature Monitor

The Zone Temperature Monitor is being modified and testing is underway
to establish the feasibility of connecting it into the 1X Safety Circuit.
This system is composed of Resistance Temperature Detectors (RID),
controllers, and a visual readout display. The RTD's measure the
temperature of the cutlet water from the center process tube in a group

of nine tubes {3 x 3 tube array). Measurements are taken of 211 different,

nine-tube zones. Each controller has an adjustable trip setting range
corresponding to 85 C to 140 €. The system can be set to initiate a
Number One Scram when any two adjacent RTD's exceed limits.

Master Relays

There are two master relays in the lX safety circuit which are the 1LX
and the 1XJA. These relays have theilr coils in parallel and their
contacts in serieg. The relay contacts control the VSR clutches. With
the coils in pearallel and contacts in series, operation of either relay
releases the VSR's, thus emphasizing safety rather than continuity of
cperation. The rods are released if power is lost to either the IXX
and 1A relay coils or to the safety circult itself. There are no
switches for bypassing the 1XX or 1XXA relays. -

2. The 2X Safety Circult and Asscoclated Tripping Devices

The 2 Safety Circult scrams the horizontal control rods only. This is
designated as a Number Two Scram.

a. Menual Trip

A manual scram pushbutton is located on the reachtor control conscole and
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is readily accessible to the reactor operator.

VER Limit Switch

The upper limlt switch from each VSR is connected through the SN and
SNA relays to scram the HCR's if a VSR should inadvertently drop into

the reactor.

HCR/VSR Interlock

An interlock is provided to keep the 2X Safety Circuit (HCR's) in the
tripped position, HCR's inserted, until the VSR's have all been reised

pricr to startup.

A 2X safety Cirecuit trip causes only certain HCR's to drive in. At the
B, C, D, IR, F end H Reactors, the rods which drive in on a Number Two
Scram are those horizontal  control crods which are not half-rods,
Any horizontal control oo can be taken out of the 2X Safety Circuit
by operating a bypess. The number and location of the rods which must
scram 1s governed by procedure.

The Number One and Number Two Scram Circults are connected by the SN and
SNA relays. A Number One Scram causes the SN and SNA relays to cperate,
which in turn signals a Number Two scram. The reverse cannct occur, and
a Number Two Scram does not cause a Number One Scram.

The 3X Safety Circult and Associlated Insitrumentation

The 3X Safety Circult controls the backup Ball 3X system. This scram is
designated a Number Three Scram. The 3X Safety System can be tripped
menually or autometically if the potentiality of a significant coolant
loss is detected. The autcmatic trip signel is from a set of Mercold
pressure switches located in each inlet riser. There are three settings
used: Low Pressure (LP), Very Low Pressure (VLP), and Bxtra Low Pressure
(ELP). The LP and VLP trips are set to scram the Ball 3X system upon a
pressure decay faster than a fixed rate. This is accomplished by a time
delay colncident trip of the LP and V1P switches. The ELP trip wiil
automatically trip the Ball 3{ system vwhen the pressure drops below a
fixed minimm.

There are two complete circuilts in the 3X Safety Circult, called the red
and yellow circuilts, which must trip in coineldence to initiate a scram.
This allows a fallure of any component, pressure switch, relsy, or
solencid latching mechanism, in one system without tripping the Bail 3IX
system. A menual pushbution is centrally located in the control room
to actuate both the red and yellow cireuits.

The SCI1R, SC2R, SC1Y, and SC2Y relays operate when any of the sbove trip.
(The designations R and Y stand for red and yellow, respectively.)
Operation of these relays opms the hopper doors allowing the balls to
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enter the reactor. The SCIR and SCZR and the SC1lY and SC2Y relays have
their coils in parallel and contacts in series. Each ball hopper door

is equipped with two latching relays, one being cperated by either the
SCIR or SCZR and the other by the SC1Y or SCZ¥. For a hall drop to occcour,
both a yellow and red circuit relay mist operate. None of the SC relays
have bypass switches but bypass switches are provided for the VLP and ELP
trips. Normally, the ELP switches are bypassed and are activated only

in case of an evacuation. The VLP swibches are also provided with a key-
lock bypess. The VLF 1s bypassed during a normal reactor shutdown process

to prevent an unnecessary ball drop. Bypassing the VLP's 1s annunciated
on the ennmunciator board.

Individual VSR's and Bell 3 Hoprers can be manmually locked out but the
number is limited. For example, 1t 1s common practice fto loek out the
ball hoppers during a reactor outage if adequate control elements have
previcusly been inserted into the resctor. The lock-bars must be removed
before the VSR's can be withdrawn for e startup.

Response Times of the Three Safety Circuits

The response times of the many components comprising the three safety
circuits are tabulated at the end of this Section.

C. Reactor Process Control Instrumentation

Instrumentation, other than that used for safety eircult action, 1s necessary
if the reactor is to be controlled efficliently. In some situations, menual

scramming of the reactor is required when indicated readings reach predew-
termined values.

Nuclear Instrumentation

The nuclear instrumentation range requirement is from normal background or
smtdown flux levels to approximately one hundred billion 4imes normal
background. A single instrument is not presently available with this large
a range. This requires that instrumentation be divided into different
systems which monitor reactor cperation at various flux levels.

Low Level Neutron Flux Monitor

At background or shutdown levels, the Low Level Neutron Flux Monitor
System (Subecritical Monitor) is used. This system is comprised of two
separate and ldentical channels, each composed of a fission chazhber
mounted on a screw-driven mechenism and an amplifler-counting cireult,
indicating pericd and level. The system is set to provide visual and
audible alarms when a fifteen-second rising pericd is reached. The
primary use of this system is to determine when the reactor achieves
eriticality and to indicate the magnitude of the rising period during
low power level operation at startup.
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The range of each channel is a nominal five decades with an effective
four decades. During startup, the channels are used in tandem with
overlapping range setitings to extend the system range to approximately
nine decades. This is accomplished by withdrawing the chambers, in
steps, from their full.in location at the moderator fringe. Pigure
VIiI-3, Effective Flux Ranges of Ruclear Instrumentation, shows the
reletionship of this system to the other nuclear systems.

Galvanometer System

The galvanometer system operates from a current scurce of from cne to
eight neutron sensitive ion chanbers, depending upon the reactor. Two
galvanometers are comnnected in series; one providing a signal (deflection)
proportional to neutron flux power level and the other showing deviation
from & preset level. The readout equipment, including shunts and
potentiometers, is located at the reactor control congole. This signal
is used for operational monitoring and is not connected to the safety
cirecult.

High lLevel Neutron Flux Moniltor

The safety system nmuclear monitoring system (the Beckmans) was previously
discussed in the Section on Safety Circuits. The B and C Reactors use
the Model V Beckman picoammeters currently in production, whereas the

D, IR, P, and E Reactors still heve the RXG-2 Beckmans which have not
been manufactured for about nine years. In most cases, the latter

ingtruments have been modified due to a lack of availahle spare parts
for these units. Signals are derived from four chambers locabed near
under-reactor risers; their readings are therefore redundant.

The Instrument scale ranges from 10 X 10-13 40 10 x 10-8 amperes. Trip
settings are controlled by procedure and at full level are a fixed ten
per cent above the instrument reading.

The Octachannel Flux Monitoring System

The ¢ Reactor is the only one of the six older reactors eguipped with a
flux monitoring system with eight channels for monitoring the eight
gorners of the reactor. The chambers are placed in holes located in
the side~ghields of the reactor. They are not compensated but have
been made neutron sensitive by the use of a boron-coated electrode.
The current from an individual chamber is fed to a2 metering circuit
and recorder which indicates the difference between the individual
current and the average of all eight currents. The comblned currents
from all eight chambers are fed to the Galvanometer System. The Octa-
chennel System is used for information rather than safety circuit
activation. '
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Temperature Monitoring

Temperature monitoring is divided intc three categories of instrument
systems: effluent water tempersture monitoring; moderator terperatbure
monitoring; and thermal shield temperature monitoring. There are many
different methods for displaying this information to operating personnel.
Generally, the main temperature monitoring functions are similar in all
reactors.

EBffluent Water Temperature Monitoring

A thermoecouple is installed at the outlet end of each process tube to
measure the temperature of the cocling water leaving that tube. Each
thermocouple is connected to a plug board in the control room and a
geries of stepping releys is used to scan the thermocouples by rows, in
process order.

The plug board is used to mammally select individual tube temperatures
for recording data in various forms. Twoe recorders are provided for
individual trend-recording of temperatures; one, for traversing selscted
tube temperatures in process tube order, and one, for recording the
temperatures from a preselected number of tubes which are representative
of différent zones in the reactor, and sigraling any in excess of
a variable set point.

Stepping relays select thermocouples in reactor format sequence by rows
for recording by an electric typewriter, or on the traverse recorder
mode. A mechanical analog-to-digital converter (ADC) changes the analog
voltage from the thermocouple to a digital signal for the typewriter.
Modifications are to be mede to chenge the mechanical ADC's to solid
state, electronic devices.

Reactor bulk water temperature is measured by means of an RTD (Resistance

Temperature Detector) located in the reactor downcomer. At those areas

with two downcomers, a RTD is located in each. This temperature is
recorded in the .control room and is also used in the power calculator.

A linesr power rate-of-rise system operates from Resistance Temperature
Detectors (RTD's) located at the outlet of ten process tubes rather
uniformiy distributed over the rear face of the reactor. The circuit
averages and then differentiates the signels of the RTD's to show the
linear inerease or decrease in average power level, in megawmtts per
minute.

The Zone Temperature Monitor is a separeate system composed of 211 zones
or temperature cells as discussed previously.

Moderator Temperature Monitoring

Thermocouples were originally embedded in the moderator to measure the
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distributed temperature of the graphite. Because a large percentage of
these original thermocouples have ceased to function, 1t has become
necessary to provide another means for cbtaining this temperature infor-
mation. Eleven thermocouples were placed in stringers of graphite beads
and inserted in process tube channels. As these stringers cease to
cperate, they are removed and replaced with other units. There are

seven channels with graphite thermoccuple stringers in each reactor. A
new method, recently devised, permits insertion of sheathed thermo-
couples in the tube channels without the graphite beads. The terperature
information is presented on profile recorders, or cen be read out directly
by a trend recerder through a plug beoard.

¢. ‘Thermal Shield Temperature Monitor

Thermocouples are distributed in the thermal shield to maintain temper.
ature control. Shield temperatures are limited to minimize thermal
deterioration of the biologlcal shield masonite.

Miscellaneocus Coolant Water Instrumentation

There are meny miscellaneocus pressure gauges in the control room which
indicate the pressures at various points in the primary and secondary
coolant systems. Included in these measurements are top of inlet riser
pressure, crossheader preassures, top of downcomer pressure, control rod
coclant pressures, and high tank level and pressure.

The Gamme Monitor System detects fuel element fallures. It continuocusly
samples effluent water from each rear crossheader. A scintillation counter
scans the effluent stream samples and measures the rate of gamma emission
in the energy band of 2.1 to 3.2 mev emanating from the fuel element debris.
The measuring system is compensated for power level by using Nio activity
as a reference. Visual and audible alarms amnunciate if trip points are
exXceeded. The radiation profile of the crossheaders 1s also plotted on
miltipoint recorders.

Reactor Power Level Calculator

The total power level of the reactor is computed by a calculator using
total, flow to the reactor from the 190 Bullding and the bulk coolant
temperature increase across the reactor. The total power level is recorded

on a circular chart and power deviation from a preset power level value is
recorded.

Non-Process and Bullding Environmental Instrumentation

Generald

Instrumentation is required in parts of the reactor building to support
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work which is not directly associated with the nuclear reactor process.
No national standards are known for this application. The AEC mapusl for
Licensees is not followed due to the very low alarm trip limlt imposed.
Trips at the Hanford Reactors are set at twenty-five per cent ahove the
background level, except for critical radiation alarm systems which are
set 8 1 r/hr 0 § r/h:r depending upon the equipment used. This variance
iz due to the differences in edquipment being used for this purpose.
Radiation background and the moverent of miscellanecus gources of gomme
radiation make a meaningful trip point lower than 1 r/hr impractical.
The critical radiation alarm is a motor-driven howler. The intermediste
level alarms, where used, are vibrating horns and in some locations
vibrating horns and rotating flashing lights.

The action required by personnel upon the actuetion of the critical radia-
tion alerm is immediate and rapid evacuation of the affected leoeation.
The action required upon actuation of the intermediate level radiation

alarm is immediate evacuation of the location. The immediate responsibility

in the event of a critieal radistion alarm rests with the supervisor in
charge of the facility.

Sensors are required at all locations where the radiation background would
be sufficient to deliver a dose greater tham 1 mr/hr to persomnel occupying
the location or where there is a potential for inadvertently eXposing
personnel to high radlation dose rates.

The ilonization chamber used at all reactors is of HAPO design. It has a
tissue-equivalent wall with a density of 440 mg/em® and the following
physical dimensions: 12.06 cm in diameter and 43.18 em in length (volume,
1638.33 cm3). It is an unpressurized air chanber. The current output of
the chamber is 3.3 x 10~ amperes/roentgen hour. The current mea.su.ging
capability of the _electrometers in use is from 1 x 10-13 to 10 x 10-
amperes divided Into six linear ranges. All systems are operated by the
reactor plant power system with emergency power backup.

The following is a tabulation of monitored loeations in the F Reactor
building, which is typical for all of the six older reactors.

All chawbers are HAPO developed health monitoring (EM) chawbers. A1l
amplifiers are Beckmen RXG's. Micromax recorders are used unless other-

wise indjicated.
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B ’Chamber Location

"o Work Platform
Dummy Elevator

Rear Face (' Par
Rear Face 10' Far
Rear Face 20! far

Transfer Area
Loading Pit
Instrument Reooms
Top of Unit

"D" Mach. Room Near

"p" M=ch. Room Far

10' Storage

Cushion Corridoxr
Discharge Chutes

10' Near - Discharge Area
20! Rear .~ Discharge Area
30' Near - Discharge Area

20! Far - Discharge Area

Control Room

Hose Reels (Outer Rod Room)
Inner Rod Room

Work Area
X-1 level

Work Ares - Critical
115 Control Room
Metal Storage

Storage Area

Recorder Location
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Remarks

Control Room

Control Room

Control Room

Control Room

Control Room

Control Room

Control Room

Accumlator Room
at -12'

Zero Far

None

115 Control Room

None

jrng soniy

Wi wuilih -

4 chembers in series,
intermediate alarm
off controller

Controller with
eritical alarm

Interlock w/chg.
mach., Rear doors,
Red flasher alarm,
Speedomax 1 point
recorder

Critical alarm

Critical alarm

Critical alarm
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Critical radiation alerms are placed in those locations where unirradiated
enriched fuel elements or irradiated fuel elements are stored. The alarm
system consists of an lon chanber, electrometer, recorder, and motor-
driven horn. The ion chambers and horns are located overhead where possible
and awey from the entrances of the facility.

The coolant effluent monitoring system within the reactor building detects
fuel =lémént” faliures:. Cooclant samples from various portions of the rear
face piping are monitored by scintillation chambers. This instrumentation
is equippped with alarms and recording devices. Ionization chambers over
the retention basins detect and record gross chenges ln the amount of
radioactive material in the effluent.

Instrumentation Power Supply

The electrical power supply system is described in detail in Section IV.

BPA power is supplied through the distribution system to the reactor building
and its distribution system. If normal BPA power is lost, emergency power to
critical instrumentation is immediately provided by station batteries at the
C; IR, and E Reactors. When the steam turbine generator in the 18k Building
starts, in twelve to fifteen seconds, the emergency electrical load 1s
automatically transferred to that emergency power supply. At the B, D, and
F Reactors, & 10 KVA gasoline engine-generator starts upon loss of normel
power. It is delayed about twenty seconds to allow the power from the 184
Building to take up the electrical load. If that power supply should fail,
the gasoline engine generator will provide & third source of limited elec-
tricel power. In all of the B, G, D, IR, F, and E Reactors, the Ball 3X
systems are independently powered by station batteries which provide power
at all times. These batteries are kept fully charged by normal power and,
in effect, "float" on the line.

Reactor COmmnicati:Jﬁ Syatem

Aithough the reactors vary in specific details from each other, a total
commnicetions system can be described by dividing the system into general
categories of subsystems. .

The Teletalk Subsystem has stations placed throughout the reactor building
and operates from 110 volt emergency power wall receptacles. Each station
is comprised of a combination microphone-spesker, a volume control, an
amplifier, and selector switches. Any stetlon can select and communicate
with any other station.

The C-D Subsystem located on the charge-discharge work platform, is
primarily used during charge and discharge of the reactor and for reactor
maintenance functions. Each station consists of & microphone and spesker.
The microphone transmitas directly to all stabtilons so information is heard
at all work locations. The C-D and Teletalk Systems indirectly back up
each other since many points in the building are common to both systems.
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Critical radiation alerms are placed in those locations where unirradiated
enriched fuel elements or irradiated fuel elements are stored. The alarm
system consists of an ion chamber, electrometer, reccorder, and motor-
drivén horn. The ion chambers and horns are located overhead where possible
and away from the entrances of the facility.

The coolant effluent monitoring system within the reactor bullding detects
fuel elémént” fallures:. Coolant samples from variocus portions of the rear
face piping are monitored by scintillation chambers. This instrumentation
i3 equippped with alarms and recording devices. Icnization chambers over
the retention basins detect and record gross changes in the amount of
radicactive material in the effluent.

Instrumentation Power Supply

The electrical power supply system is described in detail in Section IV.

BPA power is supplied through the distribution system to the reactor building
and its distribution system. If normal BPA power is lost, emergency power to
eritical instrumentation 1s immediately provided by station batteries at the
¢, TR, and H Reactors. When the steam turbine generator in the 184 Building
starts, in twelve to fifteen seconds, the emergency electrical load is
automatically transferred to that emergency power supply. At the B, D, and
F Reactors, a 10 KVA gasoline engine-generator starts upon loss of normal
power. It is delayed about twenty seconds to allow the power from the 184
Building to take up the electrical load. If that power supply should fail,
the gasoline engine generator will provide a third source of limited elec-
trical power. In all of the B, C, D, DR, F, and H Reactors, the Ball 3
gystems are independently powered by station batteries which provide power
at all times. These hatteries are kept fully charged by normal power and,
in effect, "float" on the line.

Reactor Comminication System

Although the reactors vary in specific details from each other, & total
commnications system can be deseribed by dividing the system into general
categories of subsystems.

The Teletalk Subsystem has stations placed throughout the reactor building
and operates from 110 volt emergency power wall receptacles. Each station
is comprised of a combination microphone-speaker, a volume contrel, an
amplifier, and selector switches. Any station can select and commmicate
with any other station.

The C-D Subsystem located on the charge-discharge work platform, is
primarily used during charge and discharge of the reactor and for reactor
maintensnce functlions. REach station consists of a mlcrophone and speaker.
The microphone transmits directly to all stations so information is heerad,
at all work locations. The C-D and Teletalk Systems indirectly back up
each other since many points in the building are common to both systems.
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A paging system is provided to allow messages to be sent to personnel in all
loestions in the bullding. Micrcophones are located in the control room and

superviscr's office.

Several special purpcose communications subsystems have been installed so
that more than one work conversation over the gsame gystem will not give
conflicting information at other loeaticns. Included in this category are
the Ball 3X subsystem, the radiation monitoring timekeeping subsystem, and
the various sound plug-in subsystems. Direct sound power comminicetlon has
been installed between the reactor control room and the 190 Buillding, the
151 Building, and the 10T Effluent Basin.

Reguler plant dial telephone comminication is available to and from all 105
buildings. Telephones are located in all control rooms and supervisors!'
offices;, plus eight to twelve additional locations scattered throughout the

building.

A television system hes been installed at the B and C Reactors for monitoring
work activity on the front and rear faces of the reactor. The receivers and
camera ccntrols are located in the control rooms and supervisors' offices.
The remaining reactors will be equipped with portable cameras with pan and
t1lt tables and zoom lenses, two portable monitors with remote camera
controls, and the means for moving this equipment through the building.
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REACTOR INSTRGEITATION LET/ILS
Sensitivivies or
Systen Descrivticn Lotation Response Cheracteristics Pesign Inforwetion Readcut Alsras or Action
1. Heutrosm Flux
{a) Eeckuan Flux Uncomzensated ion -~ Under central section & - 6x 10727 empers per nv.  G.E, Merk IT or eguiv- Current metered and Light end elarm on exceeding

Honiter

{2) Gelvonorater
Ne. 1 & 0. 2

{c) Low-Level
Jeutrsn Moaltor

{d) Octent Eystexs
{105~ 0m1y)

2. Ceolant Flsw

{a) Individuel Tube
Flow

(») Therzal Shield
Coolant Flow

(c) Reector Intet
Coolant Flow

{d) Horizontal
Control Rod
Coolant Flow

{e) Low-Level
Neutron Mon-
iter Coolant
Flow

chazbers (four).

Unecmpensated jon
chembar,

Two Fission Counters with
controlled pesitionex

Uncoxpensated ion

chambers {eight).

Venturi with pressure gauge
for eech process tube,

Orifice with pressure gauge.

Electric signel from power
celenlator. (See Sa)

Orifices with pressure gauges,

Orifices with vressure gauges.

of reactor and beneath
the cpenings of rigerg

Test hole gn far side
of reactor'Bl

Tast holes on fer side
of reactow,

Eoles in corners of
resctor.

Inlet to each process
tube. Pressure gauge
in contro} room.

Inlet to thermel-
shield loop hesdex

Contreol room.

Outlet coolent line
of each HCR. Also, one
orifice and geuge on
the "Supply” header
far HCR's.

Qutlet coolant line
of each low-level
neutron mehitor,

6 z 10725 expers ver nv.

1.5 --1.5 x 107 nv is
overable renge of
sensitivity,

6 x 1015 ampers per nv.

Low-trip response to a
step change in pressure
from mid-scale to ten
pounds below Iow trip is
0.3 seconds or less.

Flow through crifice
produces differential
pressure.

Electric signal repre-
senting toval flow,

Orifice pressure as a
function of flow.

Qrifice pressure as a
function of flow.

alent. 3oren-c¢ooted
chembers.

G.E. Merk IT ¢r eculv-
eglent. Eoren-costed
chebers.

Reuter-Stokes, tyre
RSN-155A fissicn
ecunter., 0% U-235
coating,

G.E. Merk II. Boron-
¢oated chambers.

Verturli flow restric-
tor which develops
pressure variation
measured by Bourdcn-
tube type Panellit
gauge.

Orifice flow restric-
tion.

Output of each power
caleulater flow channel
iz summed and fed to a
totel flow recorder,

Bourdon~tube type Pan-
ellit pressure gauge
measuring ocrifice
Pressure.

Bourdon-tube type Pan-
ellit pressure gauge
measuring orifice
pressure.

reccrded for esch
chenter.

Totel erd deviaticn
current Tetered.

Log eourt rate meter.
Period indication
metered & recorded.

Current metered for
each chember. Totel
current also metered.
Twelve-point strip-
chart reccrder.

Heasurenent of pressures
in psi.

Recording of flow
in gom,

Records‘gﬁ of fiow in

gpa.

psi

psi

high or low trips. Trips
#1 safety Circuit during
regctor operation.

None

Light eand alerm fer
excess preried.

Nene

High end low trips
actuate #1 Safety Circuit.

Nene

None

Alerm for each HCR high
end low flow. Alarm for
HCR supply loss.

Alarm for water loss.
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Readceut

Alevms or Acticn

s

{£} Shuardou Fasetoyr

Coolant Flow

3. Pressure

{a) Irlet Headar
Presgsure

{®} Ialet Rizer
Pressure

(e} Inlet Riger
Pressure, IP
and LLP

(@) Inrlet Riser
Pressure, TLP

(e) Thermel Skield
Coolent Sunply
Fressure

L. fTemverature

{a) Process Tube
Qutlet Texpersture

{b) Process Tube
Average Outlet
Temperature

{c) Bulk Exit Water
Temperature

(d) Budk Inlet Water
Tepperature

,Differextipl pressure gauges

(puzber veries with resctor),

Bourdon-itube type pres- --
sure gauges, (four to six
gauges dspending on reactor)
Reurion-tube Type pres-

sure gauges (swo or four
gauges depanding on Reactor)

Jourdon-tube type prassure
gauges {eight)

Eourdon~-tube t{ps pressure
gauges. {four)i®

Bourdon-tube type pressure
BRUES,

Thermocouples

Thermocouples

Resistance Thermal
Detectors (RTD),

RTD's

On resctor front face Differentiel pressure in
with pressure taps on psl represesting flow
corresponding froat through process tubes.
and reer ¢ross headers.

Direct measure ¢f water
pressure in vsi.

Control room. Sensing
line runs to pressure
tap on inlet headers.

Direct measvre of water
pressure in osi,

Control reom. Sensing
line runs to pressure
tap on inlet risers.

Direct measure of water
pressure in vsi,

Electrical-equipment
room. Sensing line
runs to pressure tap
¢n inlet risers,

Direct measure of water
pressure in psi.

Hectrical-equipment
rocm. Sensing line
rans to pressure tap
¢n inlet risers.

Control room. Sensing Direct messure of water
lines yun to thermgl  pressure in psi.
shield supply beeden

Qutlet pigtails of

Respense times v from
each process tube. ﬂ

0.5 to 6 seconds

Outlet pigtails of from
10-20 selected

process tubes,

Response times w
0.5 to 6 seconas{f)

Fastest response time is

60 seconds for 99¢ response.
For RTP's vhich ere in exit
downeoners.

Varies among reactors.
Ganerally in some
pexrt of exit piping.

Intet heeders. Same as above,

Berton differentiml
pressure gauge with over
range protecticn. The
process tubes functicn
as orifices.

Taylor or Foxboro,
dial-indicating
Bourdon geuge.

Tayler or Foxboro,
disl-irdicating
Bourdeon gauge.

Mercoid, type DA-523-3
gauges,

Mercecdd, type DA-523-3

. Bauges,

Taylor or Foxboro
dial-indicating
Bourdon gaugs.

Copper-Censtanten
thermocouples fixed
in wells. Thermal
contact varies in
different reactors.

Copper-Constantan
thermocouples.

Bristol type B03%0-6
RTD or egquivalent.

Bristol type 80360-1k
RTD or eguivelent.

Pifferentiel pressure
indicated. Llow-trip
1ight for each gauge
visible from front
elevator.

Fressure 1n psi
indiceteald)

Pressurs in psi
indiceted.

Pregsure in psi
ingicated.

Pressure in psl
indicated.

Pressure in pesi
indicated,

Varies smong reactors.
Temperatures in °C are
sequence~scenned end
printed out. Represen-
tative tubes can be
recorded c¢ontinuously.
Menual patch-board

plugging is used to ob-

serve any particuler

Alerm in control room
and worx area for low
flow. Used for shutdown
flows only.

tone -

pone{€)

Alerm. #lso LY snd LLP
switches activate #3
Safety Circuit. (See
text for deteils).

Alearm. Also actuates
#3 Safety Circuit trip.

Alernm only

Merms off recorders for
hipgh temperatures of
tubes being recorded.

tebe temperature. Devia-

tion recording of tem-
peratures from & - 18
selected tubes.

Average temperature in
SC from selected tubes,

Tempergtures in °C
recorded.

Temperature in °C
recorded.

None

Alerm for bulk outlet
tempersture excesding
11mit set(h),

None
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Sensitivities or
System Deseription Location Response Cheracteristics Design Information Readout Alerms or Action
(e} Zene Temperature RTD's (2-3) Process tube out- Response is 1.5 secopds, Edison RTD. Hickel Tempersture measured on Alarm if temperature

Menitor

{f) Graphite
Temperature

{g) Outlet Coolant
Temperaturas -
HCR's

5 Power

{a} Pouer Calculator

(b) Power Rate-of-
Rise

6. Miscellansous

{a) Seismoscope

(b) Power Failure

Sheathed thermecouples.

Thermocouples, RTD's or
1iquid-filled temperature
bulbs depending on rescior.

Combines flow and AT meas-

uremetits to derive power.

1) Venturt with &P
transmitier

2) RTD's

3} Orifice and &P
transmitter,

Stop-gap system employing
RID's,

Pendulum-type seismo-
scope starters. (three)

Power failure sensing
relays,

let from one tube
in every nine.

Inserted in core in
empty process
channels,

Qutlet coolant at
HCR.

Devices located as

follows:

1) Inlet headers,
pear and frar sides
of reactor.

2} Inlet headers and
bottom of exit
downcomers.

3) Ialet to thermal
shield ccolant.

RID's located on
selected process tube
outlets,

Electrical equip-
ment rocm.

Power circuits in
190 Buildings, on’
process pumps. 8 - 10
relays in each area.

Range is ¢ - 800 C.

Range 1s 0 - 100 C
to 0 - 150 C.

RID's response time is:
estimated at 60 seconds
for 9% response.

Besponse time is 1.5
seconds.

0.9 second period.
Damping ratio of 9 to 1.
One seismoscope set at
M2, Two at MM5,

800 kw dropout point,
which is 20-23% of
noraal power load,

(2] Except at C Reactor whers suuued durrent from eight chambers of octant systea is used.
{v) At C Reactor, coibined A-bank and B-Vank flow is also recorded.
{¢} K Reactor hes no ELP gauge.
(a) Imlet hesder pressure is slso recorded et B, D, and F Reactors.

(e) Except at C Reactor where low inlet riser pressure is annunciated.

(h} No alarm at C Reactor for high bulk cutlet temperature.

(f) Older type thermocouples at H and DR Reactors may have response times longer than siX seconds.

(g} Twelve-tube average temperature monitor at H Reactor

elepent in tip.

Ceminol (P-N) thermo-
couples In inconel
sheaths.

Taylor temperature bulbs,
Copper-Constantan ther-
mocouples or Brown, type
A, nickel RTD's.

dia) of Panellit con-
troller. Varfable
trip setting.

Temperature in °C
recorded for each
thermccouple.

Degrees C indicated by
various types of
geuges and meters.

AP trensmitters are Fox- Total power recorded

boro, type 28, mercury
nanometers.

RTD's are Foxboro

Type M-7060-L, nickel
elements. Risistance at
0 ¢ is 235 ohms.

Edison, tekel RTD.
Resistance at 0C
is G0 ohms.

0.5. Peters seismoscope
starters.

G.E. type CFW, over-
nnder power relays.

in Mw and total flow
in gpm. Power devia-
tion between + 50 Mw
also recorded.

Power-rate meter.

Electrical contact
c¢losed when pen-
dulum swings.

None

temporarily disconnected until thermoccuple replacement program is completed.

-

exceeds high limit.

Hane

None

Nene

None

M2 selsmoscope trip
annuncisted. Both MM5
seismoscopes must trip

to cause #1 Safety Circuit
action.

Alarm plus trip of #1
Safety Circuit. Beckup
pumps are also started
by power-failure trip.

UNCLASSIFIED
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SUMMARY OF BYPASS SHITCH CONTROIL.S

AT TSEVIONN

Neme or Method and Method of Conditions
System . Location Communicating Status for Use Backup
1. Beckman No.l Manusl key-locked- Audible alerm, Indi- Range changing or mainte- Remailning three

3.

(Beckman's No.
2,3, and k are
same as No, 1)
Flux Meonitor,

Seismoscope

Weter Pressure
Trip of Ball 3X
System, LP & VLP

Water Presgure
Trip of Ball 3X
System, ELP

Ball 3X Lock
Bars.

CETLISSYIOND

switeh in 105 con
trol room,

Manugl key-locked
switch in 105
control room,

Manual key-locked
gwitch in'105
control. room.

Manual key-locked
switch in 105
control -room,

Menual insertion
of locking-bars

on baell 3X hoppers,
105 Building.

cating light, Start-
up check,

Audible alarm.
cating llght,

Indi-
ftart-

-up check,

Audible alerm. Indi-
cating light, S8tart-
up check,

Indicating light.
Procedure and
startup check.

Indieating light in
control room for each
hopper door and test
gate, BStartup checks,
Tight 1s not selectlve
for door and test
gate,

nance work, one Instru-
ment at a time. During
outage, all Beckmans may
be removed from service

. for maintenance provided

that the trips are open
and un-bypassed and back-
up instruments are in
service and observed.

During reactor outages.
Also short pericds for
test or repair,

After reactor 1s shut
down’ and before water
pressure is decreased.

Un-bypassed in event
of evacuation.

Reactor outage only

and under the conditions
and limits specified by
reactor physicilat,

Beckmana., Sub-
critlcal monitors
during an outage.
Bypassing more than
one at a time will
trip #1 Safety
Clrcuit,

Manual. action upon
seismogcope alarms,

Manual trip. ELP
pressure awitch

trip, if un-bypassed
and lock bars removed.

Manugl trip of Ball
3X Syatem,

Manuel removal of
locking bars, Ver-
tical safety rods
and/or supplementary
control must be in-
serted to compensate,

2Lt e3sd
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Name or Method and Method of Conditlions
System" Location Communicating Status for Use Backup
6. SN Relay, (VSR Menual key-locked Audible alarmms, Indi- Reactor outage, Permits Menual trip,
Upper Limit switch in 105 ecgting light. Pro- HCR removal when all
Switches control room, cedure and startup VSR's are not up,
check,
T. HCR Bypass and Manusl key-locked Audible alarm. Indi- VSR drop without inser- Manual trip,
VSR 'Trip. swltch in 105 cating light. tion of HCR or in case
control. room. . of rod water losa, Per-
mit HCR movement during
reactor outage without
VSR movement. VSR-HCR
interlock trips No. 1
Safety Clrcuit when SN
relay 1s bypassed.
8, HCR Outer Limit Manual switch in Audible glarm, Indi- Permits only HCR to be If HCR is with-

Switch,

9. HCR Deadmzn

QETATSSYIONN

Switch,

105 control room,

Menual key-locked
switeh in 105
control room.

cating light,

Alarm and Indicating
light, Procedures.

fully withdrawn.

Switch 18 normally in
bypass positlon except
when bulk outlet temp-
erature ig sbove pre-
determined 1imit, When
in un-bypassed position,
withdrawal limited to
12 inches without cir-
cult reset,

drawn during reactor
operation, the rod

‘strength is replaced

with splines or
poison,

MAtomatically un-
bypassed by inter-
lock with bulk out-
let temperature,

TEIIISSVIONN
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Neme or Method and Method of - Conditions E}
System Location __Communicating Status For Use Backup @

10, PCCF, Individusl Manuel key-locked Indicating 1light. To remove & PCCF tube Manual trip if
Tube Bypess of switch in 105 Procedure, Panellit gauge from #1 pressure is
Panellit Pressure control room. Safety Circult in order abnormal,

Monitor, ' to charge or discharge
non-fissionable material
during reactor operation.
Observation of Panellit
during charging.

11, 3Bulk Qutlet - Manuel key-locked Indicating light Bypassing permitted for Procedural control
PCCF Interlock switch in 105 and audible alarm, specified bulk outlet for discherge above

control room. temperatures and column a8 specified bulk
- - poison value, limit,

12, PCCF Time Manual key-locked Indicating light, Bypass the Instant PCCF If alarm is corrected

Delay Relay switeh in 10% Audible alarm. trip and put in a two- in two minutes, no
control roonm, Procedure, minute time delay before trip is performed.
trip,

13. Zone Temperature Mamual key-locked Audible alarm, Contacts in No. 1 Bafety Corrective action
Monltor, switech in 105 Indicating light, Circulit bypassed until taken upon high limit

control room, . present false scram rate alarm, Stertup not
is reduced by equipment permitted with more
improvement. than 10 RTD's out orf
service, '

1k, Zone Temperature Plug-in jumper Procedure, Repair of individual Plug-in of spare
Monitor, Indi- wire, Log book. tube module amplifier. Thermo-
vidual tubes, couple temperature

measurement.

15, Low-Level Neu- Manual key-locked Procedure. Continuous bypass of Manual trip. o g
tron Monitor, swltech in control Indicating lights,. pericd trip in No. 1 ® 1
(Sub-Critical room, Safety Circuit. P32
Monitor). L

= F
<
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Name or Method and Method of Conditions
System Location Communicating Btatus For Use Backup
16. Beckman - Safety Relay contacts Procedure No. 1 Safety Circult Procedure.

17,

18,

19-

20,

ELaIosvIonn

Circuit
Interiock.

Panellit
Preasure
Monitor.

Panellit Gauge

Power Loss
Relays
(190 Pumps)

Riser Pressure
Mercolds.

operated through
logic by Beckman
flux monitors,

Manual key-locked
switch in 105
control room, Auto-
matically un-by-
passed by relay

Plug-in Jumper
wire,

Manual key-locked
switches in 190
control room for

Mapual key-locked

‘switeh in 190

control room.

indicating lights,

Audible alarm,
Indicating light,
Startup checks.

Procedure,

Audible alarm, Indi-
cating 21ght, Pro-
cedure and log book.

Audible alarm,
Indicating light.
Procedure and log
book, Startup
check.

cannot be reset until at
least three Beckwmens are
on low range.

During reactor operation
at low level, below 2 Mw,
Panellit system may be
bypassed,

Repair of Panelllt gauge
or replace, Allow up to

, two hours to be bypassed,

visusl observations re-
quired while bypassed.

Beckman - Panellit
Interlock automati-
cally un-bypassed
Panellit pressure
monitor above 2 Mw,

Tube -cutlet temp-
erature monitor,
Manual trip.

Automatic atart of
turbines on
pressure decrease,

Master turbine
control or manusl
operation.

QETJISSY'IONN
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Rame or Methed, -and Method of Conditions
System Locatlion Communicating Status For Use Backup

‘21, Master "Purbine
Control

22, Master Pumping
control, Cone
Valves,

23. Emergency
Turbine Control
Valve

2k, Groves Valve
Impulse Bleed

25. Emergency
Generator

26, Master Steam
Control

QEIIISSTIOND

Manual key-locked
switch in 190
control room, °

Manual switch in
190 control rcom

Manual switch in
183 pump room

Manual shutoff of
bleed and insertion
of loecking pins,
105 valve pit,

Manual switch, 18%
Building,

Manual switch in
184 control room.

Procedure and log-
books, Startup check.
Annmunelator and
indicating light for
each turbine,

Procedure, log booka
and startup checks,
Indicating light
for valve action.

Procedure, log book,
and startup checks.

Procedure,

Armunciator and
indicating light,
Procedure and log
book.

Procedure and log
book, Startup
checks,

Puring reactor outege, In
bypassed positicn, the
controls automatically
regulate riser at shut-
Normal,

down pressures.

Valves opened for flow

to reactor during
operation and closed
during outage.

Bypassed only for repairs,

Bypass shifte control to

individual boilers,

Manual control.

Manual control of
each core valve,

Manual operation
of two backup
turbines,

Manual unlocking.

Manuel operation,

QIELATSSYIOND
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Neme or
-Bystem

Method and
Location

Method of
Communicating Status

Conditions
Por Use

27. Boller Panel
Control

28. Main Cross-Tie
Valves, A & B
Risera

29, Water Pressure
Switch, VLP,

TETJATSSVIONN

Manual awiteh in
184 Building,

Manual switeh in
190 control room,

Automatlc operation
by time delay relsy
in electrical
equipment roonm
initlated by LP
pressure swltch.

Procedure and log
books, Startup
checks.

Procedure,
Indicating lights
show apen or cloaed,

Automaetic operation,

Bypaaa for boiler shut-
down and repair

During reactor operation
the cross-tie valve is
closed. Open during
reactor outage,

Bypassing is aﬁtomatically
performed If water pressure
decay rate is slow enough.

Backup

Manual operation.

Reactor backup
water supply
gysatenm,

Trip of No. 3
Safety Clrcuit.

EIJITSSYTIONN

LLT o8eg

£TOA #E0HL-MH



UNCLASSIFIED AW-ThO94 VOL3
Page 178

IX. FUEL

A. Description of Fuel Elements

The fuel for the B, D, DR, F and E Reactors is predominantly natural uranium.
To provide excess reactivity and power flattening, enriched uranium fuel
(0.947 w % U-239 1s also used. The fuel geometry is tubular, emabling coolant
to flow within the fuel as well as outside of it. The cladding is X-8001
aluminum alloy honded to the uranium by a layer of eutectic aluminum-silicon

. alloy. The tubular fuel element has been in service for about five years,
replacing the original seolid cylindrieal Hanford fuel element.

The fuel elements used in smooth-bore, Zircecaloy-2 process tubes differ from

those used in ribbed aluminum process tubes in that they are slightly larger
O and that the fuel positioning is accomplished by supports attached to the

fuel element. In ribbed process tubes the fuel 1s supported on the tube ribs
™ which extend the full length of the process tube. The dimensions and types
o0 of fuel elements now in use are shown in Figure IX-1.

ey Spacers of aluminum are used to position the fuel charge within the active

zone of the reactor. These spacers are tubuwlar with elther perforated or solid
Lo walls. They are generally eight inches in length, although some five inch
perforated gpacers are utllized. To prevent obstruction of flow, perforated
spacers are used adjacent to the fuel charge and in the rear nozzle. The
fey spacers used in smooth tubes have extruded ribs the full length of the piece.

¢vB. Pre-Irrediation Handling

e Fuel elements are normally shipped by truck from the fuel wenufacturing plant
to the reactors in shipping pallets, with provisions for either 200 or 300
Tuel elements. The fuel elements are usually stored in the shipping pallets,
but may be placed in charge boxes for convenlence several days prior to their
actual use. There are no nuclear restrictions limiting the storage of natural
uranium. The shipping pallets or charge boxes may be stacked as high and as
close to other pallets or charge boxes as practical. Enriched uranium ele-
ments (0.947 weight percemt U-235), however, have definite storage limitations
to preclude accidental criticality. The storage of natural and enriched fuel
elements together requires the use of the enriched uranium storage restrictions
for those elements involved. The storage of enriches elements in the shipping
pallets 1s restricted to rows three pallets high with twelve inches of free
gpace between rows., The stacks of pallets of enriched fuel elements are
required to be placed at least six feet from the stacks of natural uranium
elements. Storage of enriched elements in charge boxes is limited to a

single layer of boxes without regard to spacing between the boxes. Secured storage
for enriched metal is provided at each reactor. Standards for the storage

of more highly enriched fuels are avallable if needed.

9 2

Fuel elements are transferred from the shipping pallets to charge boxes by
hand, and moved by portable carts, holsts, and conveyors to the charging
machines.
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1 & E FUEL ELEMENT

gl E|

Il— g

A
J ’ WATER MIX FUEL ELEMENT

&' Normal Uranium
Fuel Element

%

AlSiBond  Alyminum

T s/
A \\\ﬁ\\\%‘:ﬂ--

< -

Norma! Uranium

Normai Uranium Q& % Enriched Uranium Watermix
Dimenslon CHN_CVN_ CVIN KIVN, KVN OIIIN_ OVN CIUIE KIVE KVE OINE CIlNWw KIVW ogllw
A 40, 120" -0.080" 8,968 8965 8865 4965 B.B45* 5 A6 GOM 6640 G540 G.6400 66400 A.G40" 6,040
B MOl 8378 B378" &3 83T 832 gasr 4078 G053 608" 6.000" 6093 &053  S.OS3 608"
C u.o006" L 466" Lags®  1,986" L4500 1520  Lax L4O®  L4S0'  L4me LS LAGY Lar L4 Lagt
0 1 @00 2 %o om G480 ' o4t pAR? 4pt amr? naze T O0&Bet a4t gsBY? ossr? naprt opame? osB? g
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Reactor Refueling Procedure

The normal method of refuellng is displacement charge-discharge during a
reactor shutdown. Thils procedure is simply illustrated in Figure IX-2.

The charging machines are located on the front work platforms ard are either
manually or automatically operated. These machines require an alr supply

of approximately 100 psi, and use the resctor bullding air supply.

During a chargee-discharge operation, the tubes to be discharged have the
rear nozzle caps removed. All personnel are then evacuated from the rear
work platform and the platform is raised to the top of the unit. Electrical
interlocks prevent operation of the charging equipment on the front work
platform until the rear work platform is raised to the top limit of travel
and all rear entry ways closed.

The front face activities for charging consist of transferring the loaded
charge boxes from the work area floor to the <charge work platform. The
inlet nozzle cap of the process tube 1s removed and the desired aumber of
aluminum spacers are inserted intc the tube by hand. The charging machine

is then connected %o the process tube nozzle. The fuel elements are removed
by band from the charge box and placed on a gravity feed tray on the charging-
machine. The fuel elements are pushed into the process tube by the machine
causing the displacement of the irradiated fuel elements in the tube, and
discharging into the discharge basin.

Post-Irradiation Bandling

Post~irradiation handling of the natural uranium fuel elements presents no
criticality problems. The discharged irradiated elements drop inteo a water
filled discharge chute and slide down into the metal pickup area at the end
of the storage basin. The water in the storage basin is about twenty feet
deep and provides ample radiation shielding for perscnnel. The natural
uranium elements are generally allowed to accumulate in the discharge chutes
until the end of the refueling procsdure, at which time they are transferred
to storage buckets by means of long pickup tongs. The loaded buckets, each
of which holds about 250 fuel elements, are moved by means of electric hoisits
and a monorall system. There are no restiictlions in the storage of lrradiated
natural wanium. Shipment of the irradiated elements from the reactors to
the separations plants is by rail in a cask car with no restrictions, other
than those imposed by the physical system, on the numher of natural elements
to be loaded or shipped in 2 cask.

There are definite restrictions impesed in handling, storing and shipping of

irradiated, enriched-uranium,fuel elements. First, the maximum number of
irradiated enriched fuel elements permitted in a discharge chute is as follows:
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Enriched fuel elements only - O to 800 fuel elements

Enriched fuel elements plus

natural fuel elements - 1) 0 to 300 enriched fuel elements
Plus unlimited quentities of
natural fuel elements

2) 201 to 800 enriched fuel elements
with the total of enriched and
natural fuel elements not to
exceed 800.

To prevent these restrictions from severely limiting refueling rates, the
enriched fuel elements can be allowed to fall directly inmto buckets in a
random fashion and stored in specially designated storage positions for
sorting at a more convenlent time.

The storage of filled buckets of enriched fuel elements is limited to a
gsingle layer and a single row. Restrictions on the shipment of enriched
fuel elements in the cask cars are detalled and depend upon the percentage
of U-235 by weight, the length and degree of exposure of the fuel elements
and whether the shipment is to be made in a water-ccoled well car or in
an alr cooled cask.

Fuel Fallure Detection

The detection of fuel element failures is accomplished by monltoring process
tube fiow rate and effluent radiocactivity. The process tube flow 1a monltored
by the Panellit system which reglsters the throat pressure of the individual
process tube flow meters and is described in more detall in Section VIII -
Reactor Instrumentation. The process water effluent radicactivity is measured
by the Gamme Monitoring System which continucusly samples effluent water from
each end of each ocutlet crossheader. Visual and audible alarms are located

in the control room.
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REACTCOR CONFINEMENT

General,

Confinement facllitlies were installed in the reactor buildings in 1960 to
control the release of radicactive matter from the reactor bulldings in

the event of a nuclear incident. The method of contrel is 1o confine the flow
of the ventilation air in the building to a definite path, and to exhaust

it through filters before release from the exhaust stack. This control was
achieved by using two design principles. The confinement zone in the
reactor building is maintalned at pressures slightly less than atmospheric,

and the exhaust equipment is designed for the maximum feasible degree of
reliability. Flgures X-1 and X-2 1llustrate confinement of the ventilation air.

The confinement zZone in the 105 Bullding is defined as those ventilated spaces
in the bhuilding adjecent to the reactor block. These spaces are the rear
face enclosure (discharge area), the work area, the top of reactor, the
X-levels,; the inner rod room, and the exhaust tunnel leading to the exhaust
fans. To assist in meintaining the slightly negetive pressures within the
zone, deoors are installed in all openings leading into these buillding spaces
and are kept closzsed except for normal work access. A slightly negative

air flow through the Zone 1s cbtained by closing the openings in the zone
boundaries and reducing the supply of ventilation alr to the zone. Air flow
outside of the confinement zone is inward t¢ the zone, thereby confining the
spread of contamination within the zcne.

Fog Spray System

The fog spray system is located within the rear face enclosure and produces
a finely divided spray of water for absorbing a portion of the halogen vapors
released during an uranium fire, settling out a portion of the airborne
Particulate matter released durding fuel element fires, washing down exposed

surfaces within the rear face enclosure for the removal of contaminated particles

providing some degree of thermal cooling to exposed fuel elements, and
condensing any steam that may be formed, to Prevent unnecessary pressure
buildup within thils area. Flgure X-3 shows the arrangement of the system.

The fog spray piping is made up of the water supply pipe, a control valve,
and a spray nozzle manifold. BSpray concentration is equal to approximately
two inches of rainfall per five minutes

The fog spray system is supplied from the 105 Building filtered water loop

in the dlscharged fuel storage area. The automatic contreol valve station for
the system is loecated immediately after the point the supply priping comnnects

to this loop. The valve station consists of a solencid cperated control valve,
and a bypass containing a gate valve. The bypass velve is for manual control.
An air operated butterfly velve is installed in the 8-inch basin f£1ill line,
which is also supplied by the filtered water loop. The automatic control valve
and the butterfly valve are interlocked so that when the control valve opens
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the butterfly valve closes and vice versa. The butterfly wvalve is needed
to ensure that the fog spray system will not lose water supply when the
discharge basin £111 line 1is open.

After the valve station, the water supply plpe extends to the celling of the
rear face enclosure and connects into the spray nozzle header which has a

one~inch, low-pressure spray nozzles mounted at ten-foot intervals. The fog

spray piping and header is l-inch, Schedule 40, stainless steel pipe. The
supply pipe iz of welded construction, and the header is assembled from
flanged sections.

The fog spray system ls automatieally controlled by a scintillation detector
system which continuously monitors the reactor building exhaust air and
actuates the system whenever the presence of radio-iodine is detected in

the exhaust air stream. The spray system can alsoc be manually actuated from
the control room and from the viewing windows in the rear face enclosure.

When the fog spray control is on automatic operation, the system cannot be
actuated unless all of the rear face deoors are closed. This condition can
bte overridden by an emergency switch located in the 105 Building Control
Room.

Verntilation and Exhaust System

Figure X-4 is a simplified flow chart of the 105 Building ventilation and
exhaust system. Alr is supplied to the bullding by two separate supply
systems. These supply systems condltion the air and distribute it to a
particular section of the building. The ventilation air supplied to the
building spaces outside of the confinement zone is exhausted to the atmos=-
phere through roof ventilators. Air supplied to spaces in the confinement

TS

Movement of air in the confinement zones 1s as follows: Air supplied to the
work area flows toward the reactor front face, sweeps up the face and over
the top of the reactor to the exhaust duct located on the far side of the

reagtor. Ailr is supplied to the Imner-rod Room through the Outer-rod Room, and is

exhausted 1in the B, D, F, and DR Reactors, into a duct which rums over the
reacktor and connects into a common exhaust duct on the far side. In the C
and E Remctors, alr from the Inner-rod Rocom 1s exhausted directly to exhaust
tunnel.

Supply air to the rear face enclosure 1in the B, D, DR, and F Reactors comes
in at the base of the reactor, sweeps up the reasctor rear face, and is
exbausted to the common duet on the far side. At the C and H Reactors, the
rear face air flow is reversed, coming in at the top and exhausting into the
main exhaust tunnel beneath the reactor.

The air in the exhaust tunnel then flows to the exhmust fans. At the B, D,
and ¥ Reactors, contaminated air from the 115 Building is also exhausted to
the main exhaust tunnel through the underground gas piping tumnel which
connects to the mein exhaust tumnel at the far gide of the reactor.
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At the exhaust fans, the exhaust air becomes pressurized and is exhausted
through an aboveground concrete duct which runs to the base of the 200-foot
exhaust stack. At the base of the stack, the exhaust flow is diverted into
an underground reinforced concrete duct which leads to the filter building.
APter pessing through the fllters, the air flows back through an underground
reinforced conerete duct, is diverted back ilnto the aboveground concrete duect
to the exhaust stack from which it 1s exhausted to the atmosphere.

The pominal flow capacity of the exhaust system of the different reactors is:

Reactor Flow, cfm

B, D, F 100,000
IR 85,000
c 135,000
H 160,000

Approximately eighty percent of the exhaust air is supplied directly to the
confinement zone by the ventilation supply systems of the building. The
other twenty percent is a2ir which has infiltrated into the confinement zone.

Four, identical, non-overlocading, Class II, centrifugal fans are provided

in the ventilation supply system of the reactor buildings. Two are electric-
driven, V~belt connected; and two are steam-driven, direct connected. The
electric fans are normally operated with the steam-driven fans for standby.
Air-cperated, normally-closed dampers are provided on the discharge of all
fans to close the supply ducts to the building whenever the fans are not
operating. All supply fans are menually started.

The fans in the exhaust system are non-overloading, Class III and IV,
centrifugal fans. TrFour ldentical fans are provided in the exhaust system:

two electrie-driven, V-belt connected; and two steam-driven, direct connected.
Each fan is located in a separate fan room. Air-operated discharge dampers
are Installed on the fans and are normally closed on the electric-driven fans,
end normally open on the steam-driven fans.

The electric fans are normally operated with the steam fans on standby. These
fans are intertied with thelr backup steam-driven fan =o that when electric
power is lost the steam-driven fans automaticelly start, the discharge dampers
cf the electric fans close, and the dampers on the steam fans open. The
electric fans are manually started and the steam fans manually shut-off.

Ratings of the exhaust fans of the different reactor bulldings are:
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Reactor ‘ Exhaust Fan Electric Drive Steam Lrive
Building Flow, cfm Hesd., inches ap hn
B, D, ¥ 20,000 10-1/2 16 i8C
oR L2 ,500 RWR iz5 hlsie
c 75,CC0 -11 260 161
E 75,000 11 200 179

Other features of the ventilation and exhaust systems are: a manualiy-cTerated
f£low control damper installed in exhaust duct downstream of the exhaust fans
for regulatirg tke flcow of the exhaust system; a vacuum relief damper installed
in ope of the supply ducts to open to atmosphere if negative pressure ir tke
resctor bullding exceeds 2-inches weter gage; an air-operated demper in the
supply duct to the rear face enclosure to close to ten percent to restrict

f£low to the rear face during an incident, thereby providing longer scrubting
+ime of the alr with the fog spray system.

Bxhaust Air Filters - 117 Building

The exhaust air filter building is a reinforced comcrete structure lceated
almost entirely below grade and is showvn schematically in Figures X-Z, ¥-€ ard
X-7. The underground installation was utilized tecause the earth is inexpenzive
shielding ; the building and associated ductwork would be legss hindrance to
movemert of vehieles and perscrnnel within the ares; and abandomment, in zlacs;
would be much simpler, should this ever become necessary.

Tre Tilter building is approximately fifty-cire feet long, thirty-nire Teet
wide, and thirty-five feet high. It is connected to the 105 Bulldirg extauvat
alr system by two underground concrete ducts. These ducts extend along the
length of the f£ilter building and serve as the intake and exhaus® plenums

tc the filter cells. Adjacent to the filter cells, the lower 8h-inches of
the duct is provided with twrming vanes to deflect the air into or out of
£1lta» cell. This lower secihicn cf the duct also serves as a porticz of *he
geal-pit for isolating the filter cells.

The btuilding is divided into two identical f£ilter zells with a twowstorisdi
operating gallery between the cells. The upper floor provides access to the
cells ard ducta, waile the lower contains the seal-rit pump, the fill axd
drain lines, and the duectwork of the small exhauat system in the filter
building. Access toc the eells or the exhaust and supply ducts is througt
metal docrs. Three accesses are provided to each cell and one access is
provided to the exhaust and supply ducts, respectively.

Inside each cell are slots for three filter banks, which are subdivided into
two sections in which 9-foot wide, approximately, aluminum filter Zrames are
instzlled. These frames are inztalled remotely through an orening ir “the Tcp
of the cell (see Figure X-8 ). The frame is lowered Ly 2 mobile erane Ins2 3
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MANUAL VALVE

FIGURE X-7
Reactor Confinement Filter Building Piping Arrangement
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slot formed by aluminum inserts fastened to the conerete walls of the filter
building. When the frame is in place, & continuous neoprene seal, whizh cir-
ecles the frame, 1s inflated wntil a seal is made between the frame and the
aluminum inserts embedded in the cell walls. ©Seals are provided on the
upstream and downstream side of the filter frame. Removal of the freme iz
accomplished by deflating the seals and lifting it out of the building with
a mobile crane.

The individual filters are installed in the aluminum filter frames and bolted
in the frame with a retaining fiange, until a sponge neoprene gasket between
the filter and the filter frame 18 compressed. This forms an air-tight zeal
around the filter.

There are thirty-two filters in a frame with four frames to a filter tank.
There are lilt f£ilters per bank in a 117 Filter Building.

There are two filter banks in series. The first is a2 particuwlate bank;, whick
removes the particulate matter from the alr stream. This filter 1is rated as
99.95 parcent efficlent in removing 0.3 micron dioctylpbthalabe: particles.

The fllter core conslsts of impregnated mineral fiber separators and glass

fiber web strips. It is fabricated by folding a continuous strip of fibcer

web back and forth over corrugated separators. The core 1s placed in =

plywood frame and sealed at the top, bottom, and sides with a self-extingudzhing
rubber-type cement. Neoprene gaskets are glued on the frame edges of the
filter. The filters are fire and water resistant and have a capacity when

clean of 1000 cfm at l-inch water gage differential pressure. -

The second filter bank is an asctivated charccel bank, which contains a

l-inch bed of activated coconut charccal. The charcoal 1s held between twe
horizontal, accordian pleated, perforated steel plates and measures 24 by 2&
by 8-3/4 inches, and is rated for 1000 cfs at 0.65. inches water gage
differential pressure. These filters remove the halogen vapors in the aix
gtream. Tests show that the charcoal filters will remove more than 95 vercent
of the lodine from an air stream.

The filter cells in the building can be isclated from the exhaust system by
£1lling the seal pits on the inlet and outlet side of the cell with water.
The water piping system provided in the bullding serves as hoth the £ill
and drain lines for the gesl pits. BExtensilon handles are provided for tke
valves so that they can be operated from the cell deck of the building.
Water to £ill the seal pits is supplied from the 105 Building filtered water
syatem. The water is measured by water meters to prevent flooding the filter
cells. In addition, level indicators are provided and are annunciated. A
200 gpm pump is provided for emptying the seal pits. The seal pit drain
water 1 pumped to the contaminated collection basin at the rear of the
reactor building which in turn drains to the radicactive water sewer orib

in the area. '

The contrel of the seal pit pump is at the upper floor level. Low level

indicators with electrical contacts are provided in the seal pits which
automatically shut off the pump when the pits are empty.
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Floor drains bave been installed in the upper and lower floors for decon=
tamination. These drains discharge into a common inlet seal pit, where
the water iIs pumped to the contaminated collection basin.

Arn exbaust system of 7000 cfm capaclity is provided in the building. This
system provides a positive flow of alr into the filter cells from the atmes-
phere when the cells ares opened for ccontamination control. There are two
intakes into each filter cell. These intakes are opened asnd closed by
butterfly valves. The discharge of the exhaust system is into the inlet
Plenum of the filter building.

Instrumentaticn

An engineering flow diagram of the instrumentation provided for the con-
finement system 13 shown 1n Figure X-9. In the 105 Building, the veniilation
air pressure at the rear face, the inner rod room, at the top of reactor, at
the work area, and at the X-levels 1is memsured and compared with the atmes-
pheric alr pressure cutside. If the alr pressures in these bullding speces

re not within the preset range, they are annunclated in the Reactor Control
Room. Doors can then be closed or the ventilaticn balance in the 105 Zuilding
read justed to bring the pressure back in the preset range.

The exbsust ailr sampler, which activates the fog spray system, 1z 2 scintilas
lation detector which continuously monitors the reactor building exhzust

air flow for the presence of radic-icdine. The equipment 1s loeated in the
Sample Room which is located over the inlet and outlet duets of the £lltex
building. The exhaust air sample for the system 1s taken from 2-sample preobe
in the inlet duet below. The scintillation detector system activates +the
fog spray system and is annunciated in the 105 Building Control Rocm.

The next two instrument systems are also located in the Sample Room and con-
tinuously menitor and measure the radilation level of air borne particulste
matter in the exhaust air before and after the fillter hanks. Alr samples
are taken from the inlet and ocutlet ducts and forced through continuous
moving filter paper strips where the particulate matter iz removed. The
radiation level of the zection of fillter paper is then counted with a
Geiger-Mueller tube detector system. High readings of the particulate
samplers ars annunciated in the 105 Building Contrel Room.

The radio~iocdine cconcentration in the exhaust air downstream of the filtasr
banks iz monitored and measured. The alr sample from the particulate sampler
monitoring the outlet duct is passed through an ectivated charceoal bed.

The radio~iodine oo the charcoal bed is then measured with a seintillation
counter. High reading of the charcoal sampler is annunciated in the 103
Building Control Room.

The buildup of radicactive meterial on the filters is monitored by ztardaxd
Health Monitoring Chambers inserted into thimbies in the filter cells. The
sigrals from the chambers are read by amplifiers in the Sample Rocm. Eigh
readings are annunciated in the 105 Building Control Room.

]
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Failure of the radiation instrumentation equipment located in the Sample Rcom
is also aznuneclated in the 105 Building Control Room.

In addition to the above radiaticn instrumentation, the differentizl pressure
across the individual filfer banks and the over-all filter system are indicated
in the Sample Room. Over or under pressure reedings of the over-all filter
system is annunciated in the 105 Building Control Room.

Instrunentation 1s availlable to monltor the compressed alr supply system for
the filter frame seals and indicate the air pressure in each filter frame seal.
The compressed air supply system cen supply a maximum of 5 scfm of air to

any geal or seals which may be leaking. If this supply of air cannot maintain
the minimm pressure in the leaking seal the condition is annunciated in the
105 Building Control Roon.
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" . XI. IN-REACTOR EXPERIMENTAL FACILITIES

21 235%00837

With the exeeption of a shield test faclility in the top shielding of the DR
Reactor, all test chemnels at the B, C, D, DR, F and H Reactors are located

at the right (far) side of the reactor. Side test holes are located in each
reactor, and in general are formed by step plug penetrations through the

reactor biclogical and thermel shielding to a square horizontal channel crested by
the abgence of a columm of graphite filler blocks in a £filler lsyer of the
graphite stack. At the B, D, and F Reactors some of the test holes were

formed by inserting specilal filler blocks, through which one and ocne=-fourth

inch diemeter channels were bored, to provide smaller round tes! channels.

The test chenneis extend only into the core of the reactor at the B, D, IR,

and F Reactors. Three H Reactor test channels and ell but two in the C Reactor
extend entirely through the graphite moderator stack, with access to the channel
provided by step plug shielding on the left (near) side. The test channels are
used for irradiating whole graphite blocks or amaller samples of graphite or
other high melting materials which have been quartz-encapsulated in graphite
holders, and as the means by which specially designed weater-cooled sample
irradiation facilities and recirculating ccolant test loops can be located
in-reactor. Also, some test channels are now used for locating in-reactor,

the detectors of nuclear instrumentaticn such as the sub-critical monitor.

Shielding test facilities are located at the DR Reactor, as noted sbove, and at
the C Reactor. The facility at DR Reactor consists of removable biclogical
shielding blocks. Test shielding material can be substituted from scme or all
blocks, for subsequent radiation attenustion messurements. The C Reactor
shield test facility i1z located at the right side of the resctar, and consistsa
of a removable stepped sectlion of the blological shield. Pre-formed test
shielding sections can be positioned in the several step compartments.

Experimental equipment and instrumentation, for contrcolling and recording
test conditions in-reactor, are located in rooms located on the far side of the
reactors (the X-Ievels).

The general location and arrangement of test facllities at the reactors are
shown in Figures XI-4 through XI-8.

A. H-1 Loop

The E-1 loop is high-~temperature, high-pressure, recirculating water facility
with a test section located in the "A" test hole on the X-1 level of the

H Reactor. The loop is operated in support of the Aluminum Corrosion and
Alloy Development Program sponscred by the AEC's Division of Reactor Develop-
ment. Recent modifications have beepn made to lmprove control by the installs-
tion of remctely cperated valves and the necessary instrumentstion to auto-
matically control ccoling water flow and temperature. Figure XI-1l is a
schematic diasgram of the major loop components.

The lcop safety circults which are connected to the E Reactor safety circuits
trip on either two-out-of-three independent temperature signals or two~out-

of-three independent flow signals.
{ it 3 r
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b, plai
When cooling water recirculation cannot be mainteined, & single-pass
emergency system using delonilzed water is used, since corrosion tests require
rigid control of water quality at all times. §Should the deionized water
supply be exhausted, normal reactor cocllng water is used to aspure coclant
flow continuity.

C-1 Ioop

The C-1 loop;, to be located ln the test hole of the C Reactor, is designed as
& high-temperature, high-pressure, reclreulating cooling water faclility for the
irrsdiation of non-fissionable metallic samples. It is designed to operate

at 2480 psig and 650 F. Figure XI-2 is a schematic diagram of the msjor
components of this facllity which are the primary loop, the backup accumilator,
and the emergency process water supply. It 1s intended that only a low coolant
flow trip will be incorporated into the reactor safety circuit system. Other
off~-gtandard conditions of temperature, pressure, flow, and rediation will
actuate audible alarms in the control rocm.

DR-1 Gas Loop

The DR-1 Gas Loop 1s a gas~-coocled test facility installed in the test hole of
the DR Reactor. The purpose of the loop is to provide a test facility for the
evaluetion of gas-cooled resctor components, primerily fuel elements.

The faecility was designed for operation with either nitrogen or helium gaes
88 the coolant at a maximum pressure of 215 psig. The principal parts are;
two recirculsting loops; a gtored-ges, one-pass emergency coolling system;
and an in-reactor tube assembly as indicated in Figure XI-3.

The in-reactcor tube assembly consists of two concentric tubes approximately
twenty=-five feet long. The In-reactor end of the outer tube is sealed.

During normal operation, cocolant gas enters the amnuius and returns through
the center tube in which the test specimen is installed. The ocuter, pressure-
bearing tube is constructed of Inconel, with a meximum permissible operating
temperature of 1275 F.

The loop instrumentation provides egquipment for indicating and recording
vressure, coolamt flow, tempersture and electrical data for the loop components
and the test specimen. Certain ingtruments include alarms that Indicate
off-standard conditions, and automatically scram the reactor when these
conditions reach pre-determined values. These are: low water flow in the heat
exchanger, low gas flow in the lcop, loss of power to the cumpressors, low

gas pressure in the loop, low compressed ailr supply, high pressure drop in

the test section, and high radiation level.

Two gross-gemmae monitors are located in the reactor aree to follow the
radiation level in the vicinity of the loop piping. FPrimerily this instrumen-

~ tation provides indication of fission product contaminstion of the coolant gas.

All alarms are annunciated and also indicate on an alarm panel by individual
lights. The bypass of any loop scram connection and the operation of the
loop serem relay is indicated individually in the reactor control room.
1200 Anap
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General Arrangement of Test Holes, Far Side of C Reactor
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General Arrangement of Test Holes, Far Side of DR Reactor
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